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Editorial: 


Freedom of Scientific Publication .... 


Before the war, the results of scientific research were pub- 
lished as promptly as it was technically possible. Scientific 
journals vied in providing facilities for rapid publication of the 
latest discoveries. Open and rapid publication permitted “cross- 
fertilization” of research in different laboratories, minimized 
the otherwise inevitable duplication of effort and fostered a 
feeling of community of research workers all over the world. 
Restriction of publication was practiced in industrial research, 
but this did not affect the progress of science, particularly 
since large concerns learned to rely on continuous leadership 
in research and development rather than on “secret processes.” 

In the Soviet Union, too, the freedom of scientific publication 
was on the whole, unimpeded; because of the absence of indus- 
trial competition, technological research was published even 
more freely than in America. Only occasionally, did the Soviet 
Government decide that a certain field of research was of 
particular importance for national security and placed it under 
secrecy restrictions. 

What was once a minor exception became a general rule all 
over the world during the war. Nuclear physics, bacteriology, 
electronics, became closed preserves which only scientists with 
appropriate badges were permitted to enter. 

THE DECLASSIFICATION PROBLEM 

A year has passed since the Truman-Attlee-King declaration 
proclaimed the intention to return to the free publication of the 
results of fundamental research. Only the release of information 
on technological procedures was to await the establishment of 
guarantees against misuse of atomic energy for destructive 
purposes. 

In pursuance of this policy, the Manhattan District appointed 
a Declassification Committee (declassification being the technical 
term for the removal of the designation “secret” from official 
documents). The report of this committee was approved by 
General Groves and an organization was set up to handle the 
declassification procedure. (This organization was described in 
Colonel Hutchinson’s article in the November 1 issue of the 
Bulletin.) A list of publications thus far released is reprinted 
elsewhere in this issue. 

Professor Weisskopf points out, in a letter also published 
in this issue, that the scientists in Europe are growing pessi- 
mistic about ever receiving any information on the real progress 
of science in America during the war. The facts given above 
show that these apprehensions are somewhat extreme, and that 
certain steps towards the restoration of a free flow of scientific 
information are being made. However, in order to be able to 
say that the Tolman Committee declassification plan has actually 
been implemented, not only must the present dribble of largely 
accidental and often unimportant releases be replaced by a 
flow of paper covering the most important scientific progress 
made during the war, but information on declassification papers 
must be disseminated and the papers themselves made available 
to all who need them. 

The McMahon Bill has instructed the Atomic Energy Com- 
mission to be guided by the principle that the “dissemination 


of scientific information relatng to atomic energy should be 
encouraged to provide free interchange of ideas which is essen- 
tial to scientific progress.” This dissemination is needed not 
only to restore the international co-operation in science and to 
“appease” the foreign scientists, but to permit American science 
to resume its progress on a broad front, and to prevent con- 
fusion and duplication of effort bred by war-time compartment- 
alization and discrimantion between scientists with and without 
badges. 

WHERE TO DRAW THE LINE? 

Beyond the immediate task of publication of what has already 
been declared publishable, the criteria by which the science is 
being divided into “open” and “secret” fields need fundamental 
re-examination. In the Truman-Attlee-King declaration, the 
distinction was made between “fundamental research” and “tech- 
nological know-how.” Similar language was retained in the 
McMahon Bill. The British Atomic Energy Bill, reported in 
this issue, substitutes another definition. It defines as restricted, 
information “pertaining to an existing or proposed atomic energy 
plant, and important for national security.” In practice, the 
American declassification rules also involve what General Groves 
has referred to as a “jig-saw cut” through the body of scientific 
information, leaving on the “secret” side things “important for 
The article of Colonel Hutchinson implied 


surgical operation is bei1 


national security.” 
that this fine performed with com- 
plete success. 

Now it has been said that the boundary between fundamental 
research and technological know-how is artificial and indistinct; 
but certainly it is much more real that the line between scien- 
tific information “important” and “unimportant” for national 
security. There is no use deceiving the public and Cngress that 
we are having our cake and eating it—adhering to the policy 
of freedom of science but not giving away anything which 
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Science, Government and Industry in Britain 
Sir Edward V. Appleton 


CIVIL SCIENCE 


“a 


I have chosen as the subject “Science, 
Government and Industry’ 
lieve that the proper direction of scientific 
the 


most 


’ 


because I be- 
effort and the proper application of 
results of such effort is 
important challenges of 


one of the 


our time. Stim- 


«lated by the realization of the magnifi- 


ent services rendered by scientists in 
support of th Allied forces during the 


war, science and its consequences have 


ordina- 
the 
science has practical 


What is 


become a matter of interest to the 


ry citizen. It is no new thing to 


thoughtful mind that 


and social consequences. new is 


that the general public is now sharply 
aware of them. As a prominent news- 
paper man recently expressed it to me 


“Science is news, as before.” 


Now I think it can be said that this 


hevel 


to the importance of scientil 


awake nit 5 ad 
been 


work on the part of the public has 
jue in large measure to the fact tha 


during war, events move fast, and the 


four development, 


stages ol research, 


production and use follow so rapidly on 
the heels of one another that the practical 
scientific effort is clear 
The public has 


i 


consequence of 
for all to see. natur: 
concluded that if science can solve 


of the 


play a similar role in solving the problems 


50 Many 


problems of war-time, it should 


of peace. The problems that confro1 1S 


s, the 


health 


now are, in an ultimate analy 





provision of work, homes, iood, 


and safety—safety from gression—for 





all; and these problems depend for their 
he maintenance, in some de 


solution on t 
gree, of the kind of partnership be- 


tween Government, 


sam f par 
Science and Industry 





which grew up during the war. 
Now 
of our war-time experience has been th 


brilliant 





one of the most striking results 


suecess of our University re- 
workers in solving war problems 
from 
interests. Various reasons 
vanced thejr 
pointed out that they had { 


search 


entirely remote their peace-time 


have been ad 
been 


for success. 





has also been stated that, in approaching 
a difficult task, “They 
couldn’t be done.” I 

claimed that they had a better bac 


om 


Y didn’t know it 
t has further been 
] 1 

an the majority 
I do 


assign the re- 


kgroun 





of fundamental principles tl 
of those with whom they worked. 
not profess to be able to 
sult to any one of these causes. 
cannot be doubted is that 





University con- 


ditions certainly do, somehow, generally 


insure the maintenance of mental adven- 


turousness and lively imagination so 





The above is an addre delivered on Nov. 19th 
as the inaugural lecture under the Arthur Dehon 
Little Memorial Lectureship at Massachusetts In- 


stitute of Technology. 





2 


a * * . * © . . 
necessary for scientific progress; and we, 
in Britain, believe that in planning the 
future of Scientific Civil 


must try to 


our Service we 


ensure that conditions 


that will 


are 


encouraged bring these same 


things about. 


Another deduction I make from our 


war-time experience is that the most su 
essful 


d from the closest possible collaboration 


applications of science have result- 
between the scientist and the military staff. 

writer Rear-Admiral A. 
T. Mahan once drew attention to the lo 


ne great naval 


which used to etwee! 


period elapse | 


changes of weapons and the consequen 


changes of tactics. He attributed this lag 
to “the 
Fortunately we 
the that 


| - 
have not been 


inertia of a conservative 


can be satisfied that in 


war has just ended s1 


ich gap: 
unduly long. This has bee 


only to the close collaboration 


s } 
+ oY } 


iue not 
n ist al service man but 


e1 l c1e!r 





also to the fact that in many cases scien- 
] service colleagues 


the 


their 
in working out plans for use of new 
been realized that 
ean usefully 


beyond that of the 


the field in whi scientist 


yperate extends far 
laboratory. 


My 


experience relates to subject matter. We 


third comment on our war-time 
have seen a mighty effort resulting in 
outstanding developments in weapons and 
the 


bomb. By no means all this effort has been 


instruments, culminating in atomic 


vasted, even if judged solely by its peace 


time scientific interest and importance. 


But in this intensive drive many 


A 
scientific avenues have had to be just 


1oticed and passed 


] 


by. When fundamental 


work has had to be done, as in the case 


} 


of nuclear physics or in radio wave propa 
gation, it has necessarily had be objec- 
tive in character and relevant to the major 





target. What I may call free fundamental 
-free in the sense that its selection 


d solel \ by 


work 
is dictate 
I een 


not recognize 


man’s curiosity—has 
We can- 


in any 


almost wholly in abeyance. 
the return of peace 1 
better way than by changing all that. 
We have 


ey 
se1entilic 


Our priorities must be revised. 
in many fields been living on our 
capital which now stands urgently in need 
of replenishment. For this the 
British Government has set its own 
for 


the release of scientific staff from Govern 


purpose 


priorities, the time being, as regards 


service in the following order: 


ment 


(1) Universities and fundamental ré 

search. 

Civil 

dustrial. 
(3) D 
You will see in this a complete reversal of 

the priorities which obtained in wartime. 


(2) Sciénce, Government and In 


fense Science. 


In turning now to the future we note 


that, a in most countries, scientific re-} 


search i ritain is, in the main, carried] 


. ° eet 
out by t of organizations which| 
liffer somev 


These 


a) Universities and like institutions 


( hat in motives and objectives 





three organizations are: 








carrying out what I shall call free funda- 
nental re rch. T is carried out for? 
the purpose of extending the endless 


‘rongiers of knowledge if I use the 


* expression of Dr. Vannevar Bush. 


may 





of intel- 
ht 


truth 


without 


type of research, the r« ult 


tual curiosity and the love of 


sake, is carried out 


regard to any immediate or future use- 


ful application. 


(b) Government establishments carry- 
bie tive fun la 


ut what 


mental research and also applied research. 
By objective fundamental research I mear 
sight an 


special im- 


research designed to give in 


understa 


nang racner nan any 





mediate practical result. It is called ob- 
jective because it is relevant to some field 
of practical importance and 

Laboratories 


mainly applied ré¢ k 


(c) Industrial Research 


carrying out search but 


also, in enlightened firms, a certair 


amount of objective fundamental research 


But I do want to emphasize here that 
here is no sharp differentiation betwee) 
my divisions into (a) free fundamental 


(b) objective fundamental, and 


(Cc) ap- 
find then 
t] an the 








h. However, I do 


more convenient clas 


researt 





ification 


division int ure” and “applied 





research which always had, to mind 


my 





1e suggestion of snobbi ess about it 


A certall 
} 


iat “Bessel func 


matnematiclan once state 


ions are beautiful func 


tions in spite of their many applications,’ 





and I well remembei Bri 
tha 
the 
} 


turnea ou 


hearing a 
uld claim 


me could never be 


scientist boast that he ec 


what he had d 





htest use to anybody. It 
ht have ex 


the 


to be an boast, as we mig 





pected. lis work has become of 


greatest practical importance. 
(1) UNIVERSITY SCIENCE 
It is a remarkable fact that University 
search is of 


scientific re relatively modert 


growth. Scientific research, as we knov 
, began in the seventeenth century 
replace 
statement o 
the 
endeavored to find truth 
method of inquiring by 
experiment 
Francis 


experimental method 


the method of ex-cathedra 


argument by which, since Middle 


Ages, man had 
The scientific 


observation, theory and has 


often been aitributed to 3acol 





is that of Dr. Willian 
Gilbert, the physician of Queen Elizabetl 


though my own view 





‘oul 
the 
part 
seve 
labe 
sity 
cent 
for 
bee: 
and 
this 
cept 
teac 
also 
ovel 
out 
fun 
pris 
T 
not 
mal 
the 
whe 





res¢ 
res¢ 
a 
not 
V 
imp 
res) 
van 
by 
led 
to s 
sup 
tha 
leac 
tior 
equ 
sati 
(2) 
I 
whi 
Gov 
gre 
as 
Ind 
nit 
7 
the 
tell 
op! 
rec 
ex] 
plic 
the 
ex] 
lig! 
of 
ap} 
fru 





tions 
inda- 
t for? 
dless 

the 
3ush, 
intel- 
truth! 
thout 


use- 


arry- 
unda- 
arch, 
mean 

and 
il im- 
d ob- 
» field 


tories 
h but 
ertain 
arch 
> that 
tween 
1ental 
) ap. 
then 
an the 
yplied’ 
mind 
out it 
statec 
| fune 
tious,’ 
Britisl 
n tha’ 
be the 
ed ou 
ive ex 
of the 


versity 
moder! 
2 know 
century 
eplacet( 
nent ol 
Middle 
1 truth 
ing by 
ant has 
Bacon 
Willian 
lizabet! 


and Fellow of my own College, St. John’s 
at Cambridge, has a stronger claim to be 
its author. But the teaching of 
method did not form 
part of the University curriculum in the 


counted 
the experimental 


seventeenth and eighteenth centuries, and 
laboratories did not form part of Univer- 
nineteenth 
laboratories 


sity equipment. Early in the 


century, however, teaching 


for science were instituted and research 
became a spare time activity of professors 
lecturers. From small 
this has developed till it is 


cepted part of 


and beginnings 
now an ac- 
that 


should 


University tradition 


scientific knowledge 


teachers of 
also advance that knowledge. It is more- 
over important to note that though carried 
out in a spirit of pure inquiry this free 
shown a sur- 


fundamental research has 


prising capacity for being useful. 
Then we also look to ou 
not only to 


Universities 
science but to train 
We look to them for 
the supply of trained scientific workers 
who will later occupy 


make 
makers of science. 


positions in Uni- 
versity, Government and 
oratories. We 


Industrial Lab- 


this training in 


find that 
research is best accomplished by a senior 
research worker acting as supervisor to 
a group of research students which should 
not be large. ‘ 

We must never forget the outstanding 
importance of the exceptional man in this 
respect. Most of the really great ad- 
vances in science have been accomplished 
by small teams of workers of this kind 
led by a man with ideas. As one concerned, 
to some extent, with the organization and 
support of Britain, I believe 
that a vital task is to see that these 
leaders, these men with ideas and inspira- 
tion, lack neither disciples, assistants or 
equipment. When such needs have 
satisfied they should be left alone. 
(2) GOVERNMENT SCIENCE 

I now turn to Government Research of 
which, even apart from Defense Research, 
Government in Great Britain conducts a 
great deal that perhaps you would regard 
as being primarily the responsibility of 
Industry or other bodies 
nitely enter the utilitarian field. 

Though their object was in the main 
the satisfaction of their disinterested in- 
tellectual curiosity, the natural philos- 
ophers of the seventeenth century easily 
recognized that the results of their 
experiments could lead to important ap- 
plications. Not only did they appreciate 


science in 


been 


Here we defi 


the importance of what Bacon called 
experimenta lucifera experiments of 
light, which illuminate our knowledge 
of the nature of things, but they also 
appreciated what he called experimenta 
fructifera, experiments of fruit, which 


yielded knowledge which could be applied, 
as Bacon pointed out, to extend the empire 
of man and to ameliorate the condition of 
man which he regarded as wretched. In 


his “New Atlantis” Bacon described what 
he calls Salomons House, a kind of nation 
al research laboratory which had the 
object of 


causes, the secret 


arriving at “the knowledge of 


motions of things, and 





the enlarging of the bounds of human 
empire, to the effecting of all thing 
possible.” You will be interested to note 
that of the staff for this national labor- 


atory he writes “We have three that try 
new experiments such as _ themselves 
think good. These we call Pioneers. Ws 


have three that bend themselves, looking 


into the experiments of 


their fellows and 


cast about how to draw out of them things 


of use and practice for man’s life and 
knowledge. These we call Benefactors. 
Lastly we have three that raise the for 
ner discoveries Dy experiments into great 
er observations, axioms and aphorism 


These we call Interpreters.” 


Somewhat later, the scholarly Boyle, 


oo, discoursed largely on the “Usefulness 
of the Experimental Natural Philosophy” 


pointing out the usefulness of mechanical 


disciplines to natural philosophy and how 


the goods of mankind may be increased 


by the naturalist’s insight into Trades, and 
of doing by physical knowledge what is 


wont to require manual skill. 


The close of the eighteenth century 
Britain 
that singularly gifted Secre- 


from America to Great 


brought 
and Europe 


tary, General and Statesman, Benjamin 


ms 
Thomson Count Rumford who, while mak- 
ing several purely scientific discoveries of 


the highest importance, found practically 


the whole of the inspiration of his scien- 


tific work in his des 






it 


e to use science to 


improve the living conditions of the 


com- 
think, the first, 
conscientiously and deliberately, to utilize 


mon people. He was, I 


science as a means of increasing the 


health, happiness and comfort of his fel 
low man. 
Very little nineteenth 


century of the possibly useful applications 


was heard in the 


of science which was still studied in the 
main for its pure intellectual interest. I 
recently, however, came across a most 
interesting article written in the Fort- 
nightly Review in 1873 in which the 
author, Dr. George Gore, F.R.S., points 
out that scientific research is the only 


source of the new knowledge which is 
indispensable to national progress. As he 
says “Without knowledge the 
thoughts of men run in circles and intel- 


lectual 


new 


and material ceases.” 
the, what he 
calls, deplorable lack of support 


fundamental 


progress 
After calling attention to 
given to 
pro- 
state 


scientific 
there 
laboratories for 


research, he 


posed that should be formed 
research. 

Very little notice seems to have . been 
paid to these advocates of State assistance 
in the prosecution of research for the 
national benefit in Great Britain until, in 
1900, the National Physical 


original 


Laboratory 


was founded with Government assistancé. 

It was set up largely as a result of the 
efforts of the late Lord Rayleigh who, in 
Britain, realized most how 
the progress of modern industry depended 


earlier than 


to an ever increasing extent on accurate 
and precise knowledge of 
the properties of materials. 

It required the impact of the first World 
War, however, awaken the 
British Government to the necessity for 
State action in regard to scientific re- 
1915 the De- 
Industrial Re- 
established as a separate 
State, the Lord 
Council who is advised 
The Department 
Industrial 


measurements 


seriously to 


a result, in 
Scientific and 


search and, as 
partment of 
search was 
Department of 


President of the 


under 


by an Advisory Council. 


of Scientific and Research is 
not, of course, concerned with the whole 
field of Agricultural Research 
and Medical Research are dealt with by 
sister organizations, also under the Lord 
President. 


science, 


There are, naturally, scientific 
experts in the Ministries responsible for 
defense, trade, food, health, fuel, trans- 
that, very wisely I 
think, there has been no attempt to confine 
cientific knowledge to one Ministry alone 
ince it has to be 


port and so on, so 


ipplied by many. 
The major part of Government civil re- 
search in the sphere of physical, chemical 
and industrial interest is, however, cen- 


tered in a group of ten research organiza- 
tions under the Department of Scientific 
and Tn earch (D.S.1LR.) through 
which we try to provide a central scientific 
service for 


ae 
istrial Re 


the executive departments of 
government and also to carry out research 
on matters of common interest to industry 
That 
function of the Department. 
is the encouragement of re- 
search by industry itself, and more direct- 


and to the community as 
is the first 
Our set 


a whole. 
ond 


ly by fostering the formation of co-opera- 
tive research associations, of which I shall 
have more to say later. Thirdly we assist, 


of grants, free 


by means 


fundamental 
promise in 
Universities in Great Britain, and we en- 





research of timeliness and 
deavor to provide an adequate supply of 
trained workers by 
allowances. 

But before I mention further details of 
the Department’s activities I would like 
to draw your attention, too, to the special 
position allotted by our founders to the 
Advisory Council which advises the Lord 
President on all the Department’s research 
activities expenditure. At 
this expenditure is 


research means of 


maintenance 


and present 
running at the rate of 
The Ad- 
men who 
have an expert knowledge of science or of 


three million pounds per year. 
visory Council is composed of 
industry and who serve in their purely 


personal capacity and not as 


tives of 


representa- 
any particular organizations to 











which they belong. It 
formed, one of the first bodies composed 
of men outside Government to advise 
on policy for implementation inside Gov- 
ernment. Individual members of the 
Advisory Council retire after five years’ 
service. 


was, when first 


Advisory Council we 
3oard or Committee to 
work on each of our re- 
Each Board or Com- 
mittee is, again, composed of independent 
members the Lord 
President for their special knowledge and 
Thus, by way of 


In addition to the 
have a Research 
advise on the 
search organizations. 


who are chosen by 


experience. our various 


advisory bodies, our university and in- 
dustrial scientists and our industrial lead- 
ers exercise a direct influence on the 


activities of the Department. 

I now turn a word or two about 
our own ten Research establishments. The 
full list of the Department’s stations is 
as follows: National Physical Laboratory, 
Building Research Station, Chemical Re- 
Laboratory, Inves 


to Say 


search Food tigation 


Organization (dealing with the storage 
and preservation of food), Forest Prod- 
ucts Research Laboratory, Fuel Research 


Pest 
Products, Road Research 
Laboratory and Water Pollution Research 
Laboratory. Earlier in my talk to you this 
evening I referred to Count Rumford, 
was born at Woburn, 
probably the first to apply the methods 
of science to problems connected with the 
primary domestic needs of 
is singular coincidence, 
problems he 


Station, Geological 


tion of 


Survey, Infesta- 


Stored 


who 
Massachusetts, as 


as 


mankind. It 
but many of the 
investigated are precisely 
those for which we have thought it desir- 
able to set up special laboratories. For 
example, his work on the economy of fuel, 
on the design of kitchen stoves and on 
the reduction of ys is 
paralleled by Building Re 
search Station on fuel economy, 
heating appliances, and atmosphere pol- 
lution. His work on ventilation and the 
comfort conditions in rooms is similarly 
paralleled by that of our Building Re- 
search Station on the same subject. Sim- 
ilarly his work on the tractive force re- 
quired to draw carriages having wheels 
of various widths over roads of different 
types has connections with that of our 
Road Research Laboratory. Rumford also 
carried out research on food, paying at- 
tention to its nutritional value, its econ- 
omy and its efficient preparation; we also 
have a Food Research Organization. 
Finally, though there may be other com- 
parisons which have escaped ‘me, he in- 
vented his celebrated photometer and 
carried out researches on the lighting of 


smoke from chimney 
that of our 


domestic 


rooms and the design of lighting fittings, 


activities which are continued today at the 
National Physical Laboratory. 





I do not propose to weary you with a 
description of the work of ail our stations. 
I shall select only one station as an ex- 
ample for brief comment, the 
Fuel Research Station. 


namely 


A most important section of work of 
the present time is that of the National 
Coal Survey, which is conducted at nine 
laboratories of the various coal fields, with 
its headquarters at the Fuel Research 
Station. The purpose of the Survey is to 
determine the physical and chemical 
properties of our coals both as they occur 
in seams in the ground and as prepared 
for the market. On the basis of the data 
collected it is possible to indicate the 
suitable uses of the different coals and to 
predict considerable accuracy the 
probable properties of coal in seams that 
are as yet unworked. 


most 


with 


toal Survey, in conjunction with 
the Geological Survey collaborates with 
the Coal Commission and the smoky « of 
Fuel and Power 


reserves 


in assessing our natior 

of coal, which since 1942 have be. 
longed to the nation. 
the data collected by 
sential in the 
operations 
limites d 


It will be seen that 
the survey are 
planning of future mining 
if we are to use not un- 
resources to the best advantage 
w in considering the applications of 
science we must note the changing func- 
tion of Government. In Graham Wallas’s 
famous phrase it “has come to be engs 
not merely in preventing 
from being done, but in fare ie it about 
that the right thing 1all be done”. In 
discharging this greet function 
find that, to an increasing extent, 
science is being used as part basis for the 
formulation 
very 
therefore 


es- 


our 





ged 


things 


wrong 


most 


we 


of Government 


ting 


policy. A 
problem of or 

We 
knowledge to permeate the executive de- 
partments. How far, 
department 
tive Departments, 
its service be 
staff and work 
ecutive Departments the 
not pretend to be : 
to these questions, 
would be applicable to all cases. 
extreme have 
Britain on this subject. 
by some that all science should be 
in a central scientific Department 
none in the executive Departments. It 


interes ranization 


arises. desire scientific 
central 
serve these ex 
in what way should 
supplemented by 
scientific 


then, can a 
scientific recu- 
and 
scientific 
within the ex- 
mselves? I do 
ible to give, in answer 
a simple which 


But quite 


formul: 


views been expressed in 
It has been argued 
made 


and 


has been. correspondingly argued hy 
others that each executive Department 
should have sufficient scientific staff to 


make all the science which it needs in the 
The 
latter answer seems to me to overlook the 
need for of scientific effort. Be- 
cause the police need wireless, as do so 
many other civilian and military services, 
there seems no case for the Home Office to 
set up its own radio research unit if it 


discharge of its own responsibilities. 


economy 


radio research organization. Correspond- 
ingly, there is no need for the Ministry of 
Health, which is responsible for our pure 
water supply, and the Ministry of Fuel 
and Power, which is responsible for our 


mining development, both having their 
own Geological Survey units. So I would 


argue that there are weighty economic 
reasons for the use of some, even if not 
all, common scientific services. 

But, granted that there are some central 
scientific services, how can we insure that 
their work can be effective in the executive 
departments? 

One solution of this difficulty is the 
appointment of a Scientific Advisor in 
each executive Department, who can 

(a) identify the problems within his 
Department which are suitable for scien- 
tific treatment; 

(b) see that these problems are passed 
to the appropriate research bodies able to 
solve them; and 

(c) interpret 
material for 
Department. 
such a 


the incoming scientific 
the special purpose of his 
But I should stress that for 
scientific advisor to be effective it 
that he should sufficiently 
senior in the Department hierarchy. His 
advice should be tendered to the highest 
el—the lev 

I have 
work of 
through 


is necessary 


rel at which policy is decided. 
so far stressed the value of the 
D.S.LR. to Government and, 
Government, to the community. 
also another link with the 
community, and that is through industry. 
In this connection the Department serves 
industry chiefly by icting research 
on generic fundamental problems on the 
basis of which itself can make 
The greater part of 
research is what I called obje« 


But there is 


cond: 

n 

industry 

applications. this 

funda- 

mental research. In this case the main 
} 


quest is Here the scientist 


tive 


understanding. 
eks ph 
“ven atomic 


1 


chemical insight, and 
into certain fields of 
This may relate to 
metals, the oxidation of 
toughness of meat, the warping 


ysical or 
insight, 
practical importance. 
the corrosion of 
fats, the 


of wood, the electronic changes in the 
ionosphere and so on. Armed with under- 
standing, many practical problems are 
relatively easily solved. Very often a 


basie attack of this kind is the most fruit- 
ful and shortest route to the solution of 
a problem of practical importance. Also, 
very often quite unexpected and unsought 
applications are thrown up as by-products 
of such fundamental research. 
(3) INDUSTRIAL RESEARCH 

I now turn to the subject of industrial 
research which is conducted in Britain by 
private firms and by the industrial re- 
associa 


search tions. 


The larger firms, to 
an increasing extent, have their own lab- 
some of which are comparable 
in size and scope to the larger Government 
But these labor- 


oratories, 


research laboratories. 


can be equally well served by a central | 


elias nate sl 





/~ 





- 














atori 
dustr 
bred 
resea 
such 
searc 
searc 
They 
resul 
selve 
light 
impc 
scien 
W 
priv: 
rece} 
For 
fo a 
expe 
take 
tion 
purty 
yeal 
capi 
ture 
by f 
pur] 
say, 
ries 


sid 





ral 
nd- 
of 
ure 
uel 
our 
leir 
uld 
mic 
not 


tral 
hat 
tive 


the 





o——————— 


in | 


his 
len- 


sed 
2 to 


tific 
his 
for 
e it 
ntly 
His 
hest 
ded. 
the 
and, 
lity. 
the 
try. 
rves 
arch 
the 
lake 
this 
ida- 
nain 
itist 
and 
s of 
e to 
n of 
ping 
the 
der- 
are 


trial 
n by 
re- 
s, to 
lab- 
rable 
ment 
ibor- 








- 


— 





atories exist mainly in the newer in- 
dustries which were, in any case, born and 
bred on to whom scientific 
research is the life blood. In many cases 
such firms carry out not only applied re- 
search, but also objective fundamental re- 
search relevant to their own interests. 
They are, of course, at liberty to keep the 
results of their scientific work to them- 
selves, but in general they follow an en- 
lightened and their staffs 
important contributors to the 
scientific literature. 


science and 


policy are 


world’s 


With a view to stimulating research by 
private firms the British Government has 
recently introduced certain fiscal changes. 
For many years now it has been possible 
fo a “trader” to count current revenue 
expenditure on scientific research under- 
taken in relation to his trade as a deduc- 
tion in computing profits for income tax 
purposes. But as from 6th April of this 
has been made whereby 
capital, as distinct from current, expendi- 
ture, is allowable for income tax purposes 
by five equal annual installments. For this 
purpose capital expenditure may relate, 
say, to the building of research laborato- 
ries or the installation of pilot-plants. 


But in 


year provision 


industrial researc} 
in Great Britain, we are at once faced 
with the fact that over 98 per cent of ow 
firms employ less than a hundred work- 
ers, so that although it is admitted that 
research always pays a dividend if you 
do enough of it, to a small firm without 
considerable financia] reserves industrial 
research on its own account must often 
appear as a risky adventure and beyond 
its means. This difficulty has been met to 
a considerable extent by the D.S.LR. 
which, as I mentioned earlier, is charged 
with the duty of encouraging research in 
industry. 


considering 


The main method by which we have 
done this is by the formation of Research 
Associations each on a co-operative basis 
to serve the needs of particular industries. 
These Research Associations are self-gov- 
erning bodies formed on a national basis, 
financed mainly by the contributions of 
their member firms but supported by sub- 
stantial grants from the D.S.I.R., the 
size of which is related to the amounts 
raised by the industries. 

There are now thirty-five or more of 
these Research Associations and their ex- 
penditure on research is nearing one and 
a half million pounds per year, having 
risen from a little over a quarter of a 
miliion in 1934 to a half a million just 
before the war. I should not be at all sur- 
prised myself to see this figure more than 
doubled in the next few years. In the past 
six months it has heardly been possible 
to keep pace with the new research associa- 
tions, so quickly are they being formed. 

For a very modest contribution, less 
than the cost of a single junior research 


worker, a small firm is enabled by joining 
a Research share in re- 
search costing thousands of pounds, and 
in some cases hundreds 
year. The Research Association 
their members informed on scientific and 
technical the 
advice on their 
insure that the 


Association to 
of thousands a 
also keep 
developments throughout 
world, provide them with 
day-to-day problems, and 
industry as 


of receiving early 


J . 
le has 


a who an opportunity 
knowledge of develop 
ments likely to affect the future of their 
industry. 

One thing which I afraid 
to hinder the growth of co-operative re- 
search in the past 


am tended 


was the rather touch- 
ing belief of many firms that they pos- 
sessed knowledge and trade secrets which 
were unknown to their competitors, and 
that this might be revealed if they col- 
laborated in research. The manner in 
which firms had to work together in the 
war has done much to destroy this fear. 
An interesting this matter 
of the managing direc- 
tor of one of our leading aircraft firms. 
He said “When the war began, we thought 
that we knew a great deal more than our 
competitors, but when we w 


side-light on 
are the remarks 


ere forced to 

share our knowledge with them, we found 

they knew about just as much as we di 
d that the gaps in 

were 


their knowledge and 
What sur- 
prised us all sti that 
we had to share our knowledge with our 
American allies, we again found that the 
gaps in their knowledge 
just about the same.” 
CONCLUSION 

Perhaps I may be permitted to 
vote the last section of my discourse to 
personal than to factual 
matters. I strongly believe that the scien- 
tific life should be 
venture. It 
characterize it 
We must recognize 
enthusiasm of th: 
attainment of the objective. I also want 
to break down the old false barrier be- 
tween the so-called pure and applied 
divisions of science, for the whole field 
seems to me essentially one and its parts 
are inter-dependent. We are sometimes 
sufficiently aware of possible practical 
applications not too far-distant for such 
recognition to influence our choice of 
subject. But we must beware of too much 
restriction of the scientific front. That 
is the way of arrogance and folly. Man 
is not all-prescient; and nature has many 
surprises. 

As to the scientist himself, I believe 
that he should serve, and not dictate to, 
mankind. But he has the important dual 
mission, not only of uncovering nature, 
but also of interpreting it to his fellow 
men. Then, the consequences of scientific 
effort being understood by the communi- 
ty, any decisions on use must be 


about the 





Same. 
+1) 


more was when 


and ours were 


de- 


views rather 
one of intellectual ad- 
seems to me that this 
whatever its objective. 


can 


encourage the 


well as the 


and 


chase as 


vital 


+alreay 
axen 


together. Science is too serious a 
matter to be left to the scientists. 
But here I am bound to confess that 
I see a certain danger, at any rate in 
my own country. I cannot but feel that 
there is a tendency in our educational 
system for scientific specialization to be 
introduced too soon. A_ scientific man 
should also be the complete “citizen of 


the world”. He should not only be fit 


live, but also fit to live with. This can 
only be brought about if his later spe- 
cialized training is based, and continues 
to be based, on a broad cultural back- 
ground. Only in this way can the scien- 


tist enjoy the necessary human fellowship 
But with sci 
such a vital part 
future of 


with the rest of mankind. 
ence destined to play 
in moulding the 
tion, it 
a democratic community, the 
ultimately 


} 
the 


our civiliza- 


seems to me essential that, in 
public, who 
should control the destiny of 
should 


understanding. 


effort 
and 


make its 


Too 


nation, 


own 


towards often, 


most regrettably, the average citizen is 
apt to associate science with magic and 
with something that gets into the head- 
lines. 
As a first step in this direction I feel 
.t we should start with our educational! 
system which, I think all would agree, 


should not be 
vocational training. It is 


merely an implement of 
not 


of science in order to un- 


necessary 
to be a maker 


} 


derstand its history, its content and its 


ionificance. There is a 
Sig ican ° nere 18 a 


recently published 
American book which has made a great 
impression on many minds in my country. 
It is entitled “A State University Surveys 
the Humanities” 


+ 


and consists of a series 
of the staff of the 
Carolina State University. Among 


of essays by members 
Nort} 
the many thoughtful and thought-provok- 
ing contributions to this scholarly volume 

led “The Biological Sci- 


ne : 
ences: The Sciences 


there is one entit 
in the Humanities” by 
Dr. Robert E. Coker, who is strongly of 


the opinion that the 


e 
T 


general cultural value 
of science is not sufficiently appreciated 
in universities. He deplores the cultural 
distinction drawn between the 
arts and the sciences and believes “it arose 
and has persisted in part from the over- 
confidence of have 
proclaimed a self-sufficiency for science. 


which is 


some scientists who 
It derives also from the narrowly restric- 
ted vision of those who would teach the 
sciences as if they were useful only to 
equip individuals for earning a livelihood 
or to enable mankind to have more gadgets 
and physical comforts.” In another pas- 
sage in the same essay Dr. Coker enun- 
ciates his main thesis simply and boldly. 
“The sciences”, he claims, “take high rank 
among the humanities.” I believe he is 
right if the sciences are taught as they 
could: be and should be. 











The Foundations of Freedom in Science .... 


Whenever the basic institutions of sci- 
ence are at issue, scientists will find it 
necessary to reconsider with care the need 
for freedom in science and may wish to 
state the case for freedom and defend it 
before a wider public. There will thus 
arise a new interest in the deeper nature 
and justification of freedom in science. 


Issues far outside scientific life will 
help to foster this interest today. Ths 
value that men attach to freedom has 


plunged our generation into a deep dive 
from which it is only climbing precari- 
ously out again. Scientists may want to 
help the world on its way back to free- 
dom by making known how freedom oper- 
ates in science. 

THE NATURE OF FREEDOM 

IN SCIENCE 

Freedom in science assigns to each ma- 
ture professional scientist the task of 
conducting research with the aim of mak- 
ing the greatest possible contribution to 
science. Such a responsibility is a heavy 
one; but it is a free responsibility. The 
mature scientist chooses his subject at 
his own discretion and pursues it day by 
day in the same discretionary manner. 
He draws his own conclusions and stakes 
such claims as he thinks right. At no 
point of his research work is he subject 
to any specific instructions 
superior authority. 

Freedom of scientific research is in 
harmony with some intensely personal 
impulses. The choice of a problem, its 
pursuit and .final conquest are manifes- 
tations of the individual scientist’s pas- 
sion for discovery. They bring into play 
intellectual powers which are otherwise 
hidden and assert creative forces of a 
unique kind. An individualist philosophy 
would regard these personal impulses as 
the justification for freedom in science. 
But I find such a view rather superficial. 
For, clearly, every strong personal 
impulse can claim respect and it remains 
therefore to be shown why those of the 
scientist should be respected. 

A more fundamental approach is gained 
by examining what may be called the co- 
ordinative functions of freedom in 
ence, A statement submitted recently by 
Dr. Enrico Fermi to the Senate Hearings 
on Science Legislation defines this func- 
tion as follows: 

“Experience has indicated that the 

somewhat haphazard exploration of 

the field of knowledge that results 
from an intensive freedom of the in- 
dividual scientific worker to choose 
his own subject is the only way to 


from any 


not 


sci- 
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. . . 2 
insure that no important line of at- 
tack is neglected.” 

We have here a plea for freedom in 
science on the ground of social efficiency. 
The discretionary powers which a system 
of freedom grants to scientists are said 
to constitute the only effective machinery 
for co-ordinating the efforts of individual 
scientists to the joint purpose of the ad- 

ancement of science. 

Now, usually one 
tion as 


thinks of co-ordina- 
a process imposing restraint on 
the discretionary powers of individuals. 
Much of my argument will be concerned 
therefore with finding out how co-ordina- 
tion is achieved in science by the opposite 
method of releasing the 


pulses in question. 


individual im- 
THE COORDINATIVE 
OF FREEDOM 

A first step towards the answer is easy 
to find by throwing a glance at 


FUNCTION 


a group 
activity in which co-ordination is totally 
absent. Take a number of people shelling 
peas. no occasion here, and no 
possibility, to adjust the work of one per- 
son to the work of another, for the value 
of their total achievement is simply pro- 
portionate to the sum of the peas shelled 
by each. Science cannot be conducted by 
such isolated efforts. Suppose scientists 
were kept a few hundred years strictly 
without any mutual communication. The 
total discoveries achieved by them would 
be little more than what is normally 
gained by science in a few years. No con- 
tinued systematic growth of science would 
take place at all. 

The co-ordinative principle of science 
is thus seen to consist in the adjustment 
of each scientist’s activities to the re- 
sults achieved by the others. Since 
such mutual adjustment depends on the 
independent decisions of each, its oper- 
ations require the complete freedom of all. 


There is 


It would seem that we are faced here 
with a basic principle leading quite gen- 
erally to co-ordination without interven- 
tion of any co-ordinating authority. It is 
a simple principle of logic which can be 
demonstrated on quite trivial examples. 
Consider the piecing together of a jig 
saw puzzle, and suppose we take a very 
large puzzle which would take one person 
a number of days to piece together. As- 
sume further that we had a dozen players 
who would like to help. It would obviously 
be of little use to give to each a separate 
set of the puzzle to work on it in isola- 
tion, but it would greatly speed up the 
solution if all participants were allowed 
to work on the same set, each taking note 
of the results of the others and using 
them as their starting point. 

The logic of this form of co-ordination 


* . . e 


M. Polanyi 


reduced to even simpler terms. 
For every mathematical calculation car- 
ried out by successive stages of approxi- 
mation may be taken to illustrate it. Each 
step in such a computation deals with one 
phase of a problem at a time and relies 
on the results of the earlier steps. This 
becomes particularly clear if we think of 
problems in which each step is operated 
at a different point in space. A common 
example of such a polycentric problem is 
the distortion of a rigid framework of 
joists pinned together at a large num- 
ber of points. Given the elastic properties 
and the distribution of loads over all the 
pinpoints, the solution can be found by 
the “relaxation method” which consists 
in calculating the displacement of each 
pinpoint in turn 


Cal be 


in respect to its neigh- 
bors, the position of these being assumed 
for the moment as fixed, In passing from 
one centre to the next the displacement 
previously calculated for others is 
taken into account, If a large 
number of such had to be 
given rigid frame- 
ve could employ a team of cal- 
culators, and place each in charge of one 
particular pinpoint. They could all go on 
working independently merely notifying 
each other of their results and mutually 
taking these into account. 


the 
always 
calculations 
quickly made for a 
work, 


We have reduced here to the simplest 
terms the co-ordinative function of free- 
dom. It seems to be based on the fact 
that in certain cases a joint task can be 
achieved by a group of participants who 
know not what the result of their joint 
efforts is to be and are not directed by 
anyone who knows it. The co-ordinative 
function of freedom in science would ap- 
pear thus as merely an instance of the 
general logic of such spontaneous self- 
co-ordination; and_ scientific enquiry 
would be merely the pursuit of a peculiar 
kind of polycentric problem in which the 
participants happen to bring into 
intensely personal impulses and an 
ceptional degree of 


play 
ex- 
creative judgment. 


Such a statement however, would be 
seriously incomplete as it would fail to 
take into account the characteristic vague- 
ness of the task pursued by science. The 
pieces of a jig-saw puzzle are bought in 
shops with the certainty that they will 
yield a solution known to the manufac- 
turer. Processes of successive mathe- 
matical approximation advance towards 
a definitely foreseen end. Science does 
not proceed towards such pre-defined 
ends. In the meaning in which there 


exists a task of piecing together a jig- 
saw puzzle, or of solving a polycentric 
mathematical problem, the task of science 
cannot be said to exist at all. If we want 
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self co-or- 
in science we must yet discover 
in what sense there does exist a common 


to understand spontaneous 


dination 
task of science. 


Our first reaction to look for 
a definition in terms of explicit premisses 


may be 


underlying the scientific interpretation 
of nature. But there exists no strict set 
of suppositions on which scientists are 


agreed and have been agreed through 
out the past centuries. Whate 
may be held in scientists 
they are not to be found formulated in 
definite precepts. They can therefore be 
said to exist only as implied in the prac- 
tice of scientific enquiry. To the exam- 
ination of this practice let us therefore 
turn. 


er premisses 
common among 


THE COHERENT TRADITION 
OF SCIENCE 
It is clear that the coherence of science 


is implied in every affirmation of discov 
ery by a scientist. A claim to discovery 


expresses the scientist’s conviction of 
having gained an element of truth whic! 
other scientists are bound to recognize; 


and his claim is also usually } 
recognition of discoveries 


ased on his 
made by othe 
scientists. Moreover every new discovery 
claims to form an addition to the system 

transmitted from the past 
There is inherent therefore in eacl 
claim to discovery the practical 
tion of a coherent system of truth which 
is capable of indefinite extension into yet 
unexplored regions. 


of science as 
nev 


W 


ofhiw 
aftiirma- 


For the extension of this system scien- 
tists rely on embodied in the 
common practice of research. 
accept, utilize and transmit certain tra- 
ditional procedures and standards. 
uphold certain traditional 


methods 


Scientists 


“hey 
ideals 
This dedication of scientists to the ad- 
vancement of an intellectual process be- 
yond their control and to the upholding 
of values transmitted to them by tradi- 
tion represents the sense in which science 
does possess and pursue a coherent task. 
Alternatively, we may express the ex- 
istence of such a tas] 





by saying that 


scientists form a community believing 
in a certain spiritual reality and cov- 
enanted to the service of this reality. 


Those who—whether within science or 
outside science—subscribe to these be- 
liefs and underwrite this covenant affirm 
by implication the presence of a spon- 
taneous co-ordmation of independent 
creative impulses in science, They uphold 
freedom in science, Those who deny such 
metaphysical beliefs and repudiate such 
transcendent obligations deny by logical 
implication also the possibility of both 
self-coordination and freedom in science. 
They may not act by this logic but the 
implication remains true. 


SCIENTIFIC OPINION AS GUARDIAN 

AND GUIDE 
The organized 

publications, 


scientific life, 
posts, 


forms of 
university research 
grants and scientific distinctions form a 
system of opportunities and restraints for 


This 
governed by scientific opinion. 


the pursuit of science. 


system is 
Scientific 
opinion prevents cranks, frauds and ha- 
bitual blunderers 
‘lence. At 


credit 


from gaining ground ji 


the same time it apportions 


to valid contributions, appraising 
; it 


and supporting their authors according 


to their merits. Those disciplinary and 


administrative actions are indispensabl 


to science as cultivated today by thou 


contributors. By 


sands of performing 





them, scientific enforces ths 


opinion 
coherence of science, which is the basi 


of its freedom. 





ean clearly see now the inadequacy; 
of the individualist theory of freedom in 

‘ience. Individual impulses are respected 
dedi 


in science only insofar as they are 


cated to the tradition of science and dis 


ciplined by its standard 


Modern science 


terial 
Scientific 


depends for its ma 


existence on support from outside. 
which 


freedom 


opinion watches over 
and from withi: 
science cannot fulfill this function unless 
its decisions are respected outside science. 
their wrt to 
scientific purposes, authoriti 

must the ientific 
opinion, They would otherwise inevitably 
disrupt the 

undermine its 


coherence 


In allocating supp different 
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accept guidance of sc 


coherence of science and 


freedom, 


CONFLICT WITH EXTRA-SCIENTIFIK 
AUTHORITIES 


Such are the foundations of freedom 
in science. It is ea 
be called in question in the 


The y 
nized by any g¢ 


sy to see why they may 
world today. 


of science cannot be recog- 





autonom 
denies 
Inevitably, 


come in 


vernment which 
transcendent reality to science. 
such a government 


with the autonomy of science. 


will conflict 


Similar dangers arise more in 
cidentally wherever the responsibility fo 
the expansion of scientific 
falls to public authorities who are 
sufficiently familiar with the nature of 
science. As guardians of the public in- 
terest they may feel reluctant to leave to 
scientific opinion full control over public 
funds allocated to science. Dazzled per- 
haps by the achievements of applied 
science in wartime—which had, quite 
rightly, been placed under the direct 
control of the political authorities—they 
may fail to recognize clearly the different 
nature of the quieter pursuits of pure 
research and not realize that these can 
be maintained only in complete inde- 
pendence 


may 


institutions 


not 


THE CONCEPT OF FREEDOM 
IN SOCIETY 


In my introduction to this paper | have 
iid that by defending the foundations 
of freedom in science we may help peo 
ple to recover a clear conception of free- 
dom in general. The theo y of scientific 
f dom which I have just outlined might 
jeed be found capable of extension to 
other fields of social life. There are other 
ealities of the mind besides science and 
exist tra -endent obligations other 

an those which are particular to scien- 

. There exist great traditions which 
embody these realities and these obliga- 


the 
roots of our civilization. We have our 
i intellectual 
from the 


tions and which ymprise all main 


lition of hone 


Greeks 


sty, which 
; that of 
deriv ed 


‘hristianity; that of legal 


ame to wus 


ytherhood, whicl we from 
which 


that of 


cS J 
reason, 


was the heritage of Rome; and 


tolerance which we were taught by Milton 
c nd Locke. 

All these traditions form, like that of 
cience, the premisses for an indefinite 


lual creative actions. 
\ctions which are, or at least tend to be, 
pontaneously and the unre- 
which forms the 
onstitution and essence of a free society. 

The 


gom in 


equence of indi 
coherent, 


strained interplay of 


foundations of coherence and free- 
general therefore be re- 
to which 
men uphold their belief in truth, justice, 
charity and and do in fact 
service of these 
ideals. While on the other hand society 
may be expected to disintegrate and fall 


servitude 


may 


secure to the 


garded a extent 
tolerance 


accept dedication to the 


into when men deny, explain 
imply disregard these 


realities and transcendent obligations. 


away or even 


follow on 





Disintegration may the one 
hand the path of an individualist theory 
of freedom resulting in romantic self- 


love and civic indifference. Concurrently 
we may find that the institution of gov- 
ernment is interpreted in terms of force, 
that the 
process of one clan liquidating another 


and history is represented as 


and one nation eliminating another. 
Within 


pirations of man are 


ideal as- 
homeless. 
Fearing to confess themselves for what 


such an outlook the 


rendered 


they are they eek embodiment in some 
social or racial theory of isolence. Thus 
we see arise that sceptical hard boiled 


form of fanaticism which is so character- 
istic of our age 

Man’s rapidly increasing destructive 
powers will put the of our 
time to a crucial test. Unless we radically 
re-affirm today the philosophic founda- 
tions of our civilization, the logical out- 
inadequacy will 


soon ideas 


come of their present 
not be delayed for long. 
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The British Atomic Energy Act... . 


As reported in Bulletin last month, the 


British Atomic Energy Bill was passed 
by the House of Commons on October 11 
and is now awaiting passage in the Hoi:zse 
of Lords. The following summary of the 
Bill shows the similarities and the differ- 
between the 


ences American and _ the 


British legislation. 


PROVISIONS OF THE BILL 


The “Atomic Energy Act 1946,” the 
British counterpart of the McMahon Bill 
in the USA, contains 21 clauses. The follow- 
ing official memorandum summarizes their 
provisions: 


The objects of the Bill are to empower 
the Minister of Supply to promote the 
development of atomic energy and to con- 
fer on him powers of control over the 
unauthorized production or use of atomic 
energy and over the publication of certain 
information. 


The Minister is charged by Clause 1 
with the general duty of promoting and 
controlling the development of atomic 
energy (which is defined in Clause 18) and 
by Clause 2 is given power to produce and 
use atomic energy, to carry out research, 
and to produce, handle and deal in any 
necessary articles. (The right to dispose 
of the energy produced was added in the 
House). 


The Minister is empowered under 
Clause 4 to obtain information concerning 
any materials, plant or processes con- 
nected with the production of atomic en- 
ergy, and by Clause 5 to enter and inspect 
any premises where he has reasonable 
grounds for believing that work on atomic 
energy is being conducted or that materi- 
als or plant relating to atomic energy are 
situated. 


The Minister may search for minerals 
from which uranium and other prescribed 
substances (as defined in Clause 18) can 
be obtained (Clause 6) and may, by order, 
vest in himself the right to work such 
minerals and any ancillary rights neces- 
sary for such working (Clause 7). Any 
order under Clause 7 will provide for 
compensation. 


Clauses 8 and 9 enable the Minister to 
acquire compulsorily, but with provision 
for compensation, any materials, plant or 
contractual rights connected with atomic 
energy. 


By Clause 10 the Minister is given 
powers of control, by order, over the work- 
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ing of any minerals from which the pre- 
scribed substances can be obtained, and 
over the possession and movement of 
any of the prescribed substances or of any 
plant connected with atomic energy; but 
the Minister is to ensure, so far as practi- 
cable, the availability of materials and 
plant for research and educational pur- 
poses and for commercial purposes not 
related to atomic energy. 


Clause 11 restricts the disclosure, with- 
out the consent of the Minister, of informa- 
tion concerning any existing or proposed 
plant for producing or using atomic en- 
ergy. (This clause is given in full below). 


Special provisions regarding inventions 
in relation to atomic energy are contained 
in Clause 12. The Comptroller General 
of Patents, Designs and Trade Marks is 
required to prohibit or restrict the publi- 
cation of information concerning an ap- 
plication for a patent of this nature, and 
to notify the Minister, serving a copy of 
the notice on the applicant. The Minister 
may inspect the deposited documents; and, 
if he is satisfied that the invention is not 
of importance for purposes of defense, 
the ban on publication will be lifted by 
the Comptroller General. In addition, the 
clause prohibits, except with the written 
permission of the Comptroller General, 
the making of. applications outside the 
United Kingdom, by a person resident 
therein, for the grant of patents in respect 
to such inventions, unless application for 
a patent for the same invention has al- 
ready been made in the United Kingdom, 
and either no ban on publication has been 
imposed or any such ban has been lifted. 


The powers of the Minister are ex- 
tended by Clause 12 so as to include power 
to make, use, exercise or vend an invention 
for purposes relating to atomic energy; 
and the Minister may authorize the use 
of any drawing, model, plan or other 
document or information. 


Clauses 13-21 contain “General Provi- 
sions.” Among them Clause 14 provides as 
punishment for individual offenses 
under the act, on conviction or indictment, 
penal servitude for not more than five 
years or a fine not exceeding 500 pounds, 
or both. Corporate bodies can be fined any 
amount the court thinks just, and their 
directors, general managers, secretaries 
and other officers are individually respon- 
sible for such offenses. Clause 15 provides 
for Parliamentary review of all orders 
issued by the Minister under the act, with 
the right of either House to annul any one 
of them within 40 days after it has been 
laid before the Parliament. 


Clause 18 gives the following defini- 
tions: 


“atomic energy” means the energy re- 
leased in any process, including the fis- 
sion process, which involves the trans- 
formation of or reactions between atomic 
nuclei and has been influenced by special 
arrangements of matter or by other ap- 
plied means, but does not include energy 
released in any process of natural trans- 
mutation or radio-active decay which is 


not accelerated or influenced by external 
means; . 


“minerals” includes all substances 
obtained or obtainable from the soil by 
underground or surface working; 


“plant” includes any machinery, equip- 
ment or appliance, whether affixed to 
land or not; 

“prescribed substance” means uranium, 
thorium, plutonium, neptunium or any of 
their respective compounds or any such 
other substance as the Minister may by 
order prescribe, being a substance which in 
his opinion is or may be used for the 
production or use of atomic energy or re- 
search into matters connected therewith. 


FINANCIAL EFFECTS OF THE BILL 
It is not possible in the present state 
of development of work on atomic energy 
to give an estimate of the total expendi- 
ture which may be incurred under the Bill. 


The principal expenditure will arise 
from the exercise of the powers of the 
Minister under Clause 2. Expenditure 
of the order of 30 million pounds can at 
present be foreseen, but no figure can be 
given for the moment which may ultimate- 
ly be involved. 


Under Clause 3, the Minister may make 
grants or loans to encourage work on 
atomic energy; the Minister will be liable 
to pay compensation, under Clause 6, for 
damage caused by any work done for the 
purpose of discovering minerals and, 
under Clauses 7, 8, and 9, for any com- 
pulsory acquisitions effected thereunder 
but no estimate can yet be made of the 
amounts likely to be involved. 


THE SECURITY CLAUSE; THE 
STAND OF THE BRITISH 
ATOMIC SCIENTISTS 


A memorandum expressing certain 
critieisms of the Bill was prepared by 
Profs. Peierls and Massey and circulated 
among the members of the Association 
on July 8. 


Of the four points of criticism made in 
the memorandum, the two most vital 


seemed to be the lack of statutory pro- 
vision for technical advice to the Minister 
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and the far-reaching provisions 
of Clause 11, the latter being closely bound 
up with the wide definitions contained in 


Clause 18. 


secrecy 


The Association’s officers explained 
these views to members of the House of 
Commons, to the general public by way 
of a letter published by the “Times” on 
8th October, and to the Ministry of Sup- 


ply in person on 10th October. 


The views of the Association of Scien- 
tific Workers very similar, and a 
number of members of the House strongly 
urged the Government to agree to amend- 
ments in the proposed by the 
Associations. These efforts to amend the 
Bill almost entirely unsuccessful, 
while new Government amendments have 
made the Bill still more restrictive— 
particularly by the deletion of the sub- 
section Clause 11 that would have 
empted from _ secrecy 


were 


senses 


were 


ex- 
restrictions any 
plant designed solely for scientific re- 
search and educational purposes. 


Clause 11 now provides: 

(1) Subject to the provisions of this 
section, any person who without the con- 
sent of the Minister communicates to any 
other person document, drawing, 
photograph, plan, model or other informa- 
tion whatsoever which to his knowledge 
describes, represents or illustrates 


any 


(a) any existing or proposed plant used 
or proposed to be used for the purpose of 
producing or using atomic energy; 

(b) the purpose or method of operation of 
any such existing or proposed plant; or 


(c) any process operated or proposed to 
be operated in any 
proposed plant; 


such existing or 
shall be guilty of an offense under this 
Act. 

Provided: that it shall not be such an 
offense to communicate information with 
respect to any plant of a type in use for 
purposes other than the production or use 
of atomic energy, unless the information 
discloses that plant of that type is used 
or proposed to be used for the production 
or use of atomic energy. 


(2) The Minister shall not withhold con- 
sent under the last foregoing subsection, 
if he is satisfied that the information 
proposed to be communicated is not of 
importance for purposes of defense. 
(This provision was added by the Minis- 
ter in Committee to replace the deleted 
provision—referred to by the Atomic 
Scientists Association—w hich provided 
for an exemption of plant designed only 
for scientific research and education). 


(3) The Minister may by order grant ex- 


emption from this section in such classes 
of cases, and to such extent and subject 
to such conditions, as may be specified in 
the order. 


(4) Where information has _ been 
made available to the general public other- 
wise than in contravention of this section, 
any subsequent communication of that 
information shall not constitute an of- 
fense under this Act. 


any 


The Minister has promised “to free the 
ordinary laboratory tools of the research 
physicist which have no defense signifi- 
cance by excluding them from the terms 
of any order that he may make under 
Clause 10; and, as soon as the Bill becomes 
law, to with the physicists 
will be affected, with a 
view to making an Order under Clause 11 
to exclude those tools from the categories 
of plant about which 
forbidden.” 


confer and 


scientists who 


communication is 


THE SPEECH OF 
PRIME MINISTER ATTLEE 


The Bill was introduced by the Prime 


Minister, Mr. Attlee. Following are ex- 
cerpts from his and other speeches in the 


House of Commons on October 8: 


“IT am quite sure hon. Members in all 
parts of the will recognize the 
unique military, economic and internation- 
al importance of this subject, and that 
those very unique conditions require very 
exceptional legislation. 


House 


“The full economic significance of 
atomic energy is not yet known. I do not 
think anyone has doubt that there 
is here a _ possibility of revolutionary 
changes. Therefore, I think hon. Members 
of all parties will agree that development 
in this country is a prime responsibility 
of the Government. Today, we are not 
concerned primarily with the question of 
international control. That is a matter 
which is being worked out in the Com- 
mission set up by the United Nations 
organization. I do not think there is 
sufficient awareness, perhaps, of the dan- 
gers in this country. I am quite sure that 


any 


that awareness is not quite so acute as it 
is on the other side of the Atlantic. But 
we have been watching with anxious care 
the deliberations of the Commission; and 
this Bill before the House, in one of its 
aspects, is an earnest sign of the Govern- 
ment’s that the United 
Kingdom shall be ready to play its part, 
its full part, in any international scheme. 


determination 


“This Bill has no background of political 


bearing. It is forced upon us by the very 
nature of this new invention. We are not 
introducing a sudden Bill for nationaliza- 
tion. We are taking the steps which any 
Government must take in dealing with an 
invention of such immense potential des- 
truction. In fact, the task of development 
could not really be undertaken except by 
Government. There is, first of all, the 
very large expenditure in money and ma- 
terials. There is uncertainty as to the re- 
sults; and there is, of course, a thing we 
must watch all the time—the danger of 
disastrous accident if there 


were uncon- 


trolled experiment. 


“As the House knows, the Government 
have already set up a large research 
establishment, and we are arranging for 
the production of fissile material for that 
establishment, for purposes; 
and the responsibility been placed 
with the Minister of Supply; and this Bill 
will give him the powers to 
that The pro- 
gramme of work already approved will 
cost something like 30 million pounds, 
the programme is being kept constant- 
ly under review, and it may well be that ex- 
penditure on a far greater scale may be 
necessary if we are to play our proper 
part.” 


and other 


has 


necessary 


discharge responsibility. 


but 


The 


single clauses. 


Prime Minister then reviewed the 
Coming to Clause 11, he 


said: 


“I draw special attention to Clause 11, 
which places restrictions on the disclosure 
of information. The production of atomic 
energy involves very complicated proc- 
cesses, it is really a major industrial effort, 
and until we can get international control, 
what is called the industrial 
‘know-how’ must be kept under control. 
When I was in America the declaration 
made by the President of the United 
States, the Prime Minister of Canada and 
myself laid down this policy: until we can 
get the introduction of effective and forc- 
ible safeguards, there must be power to 


sometimes 


prevent the dissemination of information 


as to what is called the ‘know-how’. 


“We are presented with a rather dif- 
ficult drafting problem as to where exact- 
ly to draw the line, where to get the securi- 
ty we need without impeding scientific re- 
and the conclusion we reached 
was that we should define in the Bill the 
information which should not be commu- 


search, 


nicated concerning the energy plants, what 
they do and how they work, the provision 
for excluding information about plant in 


use for purposes other than atomic en- 











ergy, provided that the connection with 
atomic energy is not disclosed. Our desire 
has been to make the thing watertight 
by giving the Minister full powers, in- 
cluding power to authorize a relaxation 


in particular cases. Also we desire to 
take away the onus which, as the Bill is 
drafted, rested on persons, requiring them 
to give information without knowing 
quite whether the information was right. 
As the Clause will be amended in Com- 
mittee, that onus will be on the Minister. 
We also provide that where information 
has once been made available to the gen- 
eral public, if it is not in contravention of 
the Bill, it is freed from further control. 
We expect that in course of time there 
will gradually emerge classes of informa- 
tion which may be published. As a matter 
of fact today the great bulk of the tech- 
nical information is necessarily in Govern- 
It has 
Government 


ment hands. been the result of 


work in establishments or 
under Government control, and there is 
there, therefore, the additional safeguard 
of the Official Secrets Act. If hon. Mem- 
bers will examine this Clause, I think they 
will find that it hits the mean between 
not giving away information that will en- 
danger our security and, at the same time, 
not being unduly restrictive of scientific 
research.” 


Mr. Blackburn (Birmingham, King’s 
Norton): Would the Prime Minister deal 
with the point that, instead of accepting 
the distinction which he pointed out 
earlier between fundamental research on 
the one hand and industrial ‘know-how’ 
on the other, the Clause is now so drafted 
as to cover the whole field, both funda- 
mental research and industrial ‘know-how’ 
as well? 


The Prime Minister: I do not think so. 


THE OPPOSITION 
SUPPORTS THE BILL 


On behalf of the opposition, the Bill 
was supported by Mr. Richard Law. He 
said, in part: 


“This Atomic Energy Bill resembles 
with extraordinary fidelity the general 
run of Socialist legislation. In this Bill, 
as in all other Bills, the Government 
establish a monopoly. In this Bill, as in 
those other Bills, the Government endow 
a supposedly all-wise Minister with abso- 
lute and final authority. Here, as in other 
Bills, vistas are opened up of forms to be 
filled in, declarations to be made, inspectors 
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to be placated, and so on, and compensa- 
tion, not very clearly defined, is to be paid 
for those whose rights or property is 
wrested from them by the State. It is very 
much on the old model. Nevertheless, we 
on this side of the House propose to give 
our support to this Bill, even though it 
does resemble so very closely some other 
horses which have come out of the same 
stable and have not been conspicuously 
successful at recent race meetings. 


“] think there are two main reasons 
why the House should give a Second Read- 
ing to this Bill. No layman can say with 
absoluie finality and dogmatism that there 
will never be any physical, mechanical 
answer to the atomic bomb. It is con- 
ceivable, 1 suppose, that the same inge- 
nuity which proauced the bomb may, in 
time, produce its antidote. What we can 
Say, and must say now, is that it seems 
unlikely in the pnysical field that there 
Will ever be, as lar as we can see, a com- 
plete antidote to this weapon. We are 
tnerefore ieit to look tor a solution tor 
ueiense—because we must have a aeiense 
the physical field but in the 
political field. ‘tne only final defense 1 
can see in the poiitical field is some valid 
international agreement ior the establish- 
ment of an international authority tor the 


—not in 


control of this new weapon. That is really 
ine only ultimate detense. It is ciear that 
lt is going to be impossible to establish 
international control unless first we have 
‘his Bill is 
theretore the essential prerequisite of the 


established national control. 


tinal soiution, it ever in fact we do reach a 
final solution. That is one reason why l 
suggest that the House, irrespective of 
party, must support the Bill this after- 
noon. 


“The second reason is this. We are 
at present in a kind of interim position. 
We have not yet achieved a valid inter- 
national agreement, no _ international 
authority has been set up, and with the 
limited information at my disposal I can- 
not see that there is any immediate pros- 
pect of such an authority being set up. 
From every point of view, from the point 
of view of the economic, medical or scien- 
tific development of this invention, as 
much as from the point of view of defense, 
we must ensure as far as we humanly can 
that we in this country, our scientists and 
our industry, are abreast of anything that 
is being done in any other country. That 
for the moment is the only solution which 
is left open to us during this interim 
period pending the establishment of an 
international authority. 


Protests Small Science 
Representation in UNESCO 


Prof. W. A. Noyes, President-Elect of 
the American Chemical Society, recently 
directed the following letter of protest 
to Ass’t. Sec’y. of State William F. Ben- 
ton: 


Dear Mr. Benton: 


I have received the list of members of 
the United States National Commission 
on Educational, Scientific, and Cultural 
Cooperation as well as the list of officers, 
including the executive committee, who 
were elected by the Commission at its first 
meetings. 


Among the members of the Commission 
there seem to be only seven who could be 
said to represent science at all. Of these 
seven, three are university presidents, two 
are engineers, one a biologist, and the 
seventh, also a biologist, has retired from 
active life. Therefore of the seven, one 
engineer and one biologist may be said to 
be actively engaged in scientific work 
today. This is the total out of a list of 90. 


Of the officers elected by the Commis- 
sion, one vice president is a physicist, now 
a university chancellor no longer engaged 
in scientific work, and none of the others 
are scientists. 


Among the list of societies asked to 
appoint delegates, only one is a large sci- 
entific society which might be said to rep- 
resent any considerable group. Even this 
one is supported mainly by biologists and 
geologists and cannot be said to represent 
to any great degree chemists, physicists, 
and engineers. 

The situation created by the very small 
representation of scientists both on the 
Commission and among the officers is a 
most unfortunate one. Scientists as a 
group tend to believe strongly in inter- 
national cooperation, and indeed, scientific 
cooperation throughout the ages has been 
one of the few unifying influences. As 
matters stand today, however, it is doubt- 
ful whether you can count on the support 
of scientists for UNESCO. The executive 
committee is largely dominated by busi- 
ness men and professional educators. 
Those of us who have been ardent support- 
ers of UNESCO are now confronted with 
a serious problem and our course of action 
in obtaining international cooperation is 
by no means clear. However, it is evident 
that we would be wasting our time in 
supporting an organization where the 
viewpoint of science is not fairly repre 
sented. 


W. Albert Noyes, Jr. 
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Letters to the Editor.... 


Personnel of the Atomic Energy Commission 


The Commission to be appointed under 
the provisions of the Atomic Energy Act 
of 1946 will have the responsibility of 
bringing into being a new and basic in- 
dustry—the production of atomic energy. 
It will also have the task of guiding the 
utilization of this energy into socially use- 
ful channels. 

How profoundly the production and use 
of atomic affect the future 
of the Nation is evidenced in the language 
and scope of the Act. In this legislation 
Congress empowered the Federal Gov- 
ernment to control the production, owner- 
ship and use of fissionable materials and 
provided the broad outlines of a program 
of administration 
the Act’s purposes. 


energy can 


designed te effectuate 
Important phases of this administra- 
tive written into law in 
order to prevent the leakage of vital 
information, to assure the loyalty of em- 
ployees, and to grant the Atomic Energy 
Commission discretion in the employment 
of key personnel without regard to the 
limitations of the Classification Act. 


program were 


But neither the expressed purposes of 
the Act nor the legal safeguards which 
it provides are in themselves sufficient to 
ensure that the production of atomic ener- 
gy for peaceful uses will be achieved in 
the most effective and expeditious man- 
ner. That result depends upon the selec- 
tion of administrative and operating per- 
sonnel who not only are loyal to the Fed- 
eral Government but also mo- 
tivated and inspired by a consciousness 
of the immensity and 
the task ahead. 

This applies, it goes without saying, to 
the Commissioners and the General Man- 
ager, whose selection and appointment is 
the responsibility of the President and 
the Senate. It is equally the case as to the 
Division heads called for in the basic 
law and the many administrators, super- 
visors, and employees who must be hired 
by the Commission. 


who are 


potentialities of 


The object of this article is to focus 
attention upon the importance of estab- 
lishing personnel policies and practices 
designed to evoke from the men and 
women who will be engaged in this great 
experiment the wholehearted devotion so 
necessary to success. 

Some of these policies and practices 
need no particular elaboration. Clearly 
enough, responsibility for personnel ad- 
ministration must be centered in a branch 
or department established for the specific 
purpose. Such a department would be 
eharged, in collaboration with the ap- 


Otto Beyer 


of the government, 

and selecting 
this connection, 
classifications and descrip- 
tions and establish the required system of 
personnel records. It would have the pri- 
mary responsibility for developing tech- 
niques of indoctrination and training for 


propriate agencies 

with recruiting 
personnel. It 
develop job 


would, in 


new employees and of in-service training 
for persons already in the service. 

The department would also 
be concerned with stimulating 


personnel 
nealth and 
the plants and offices 
of the Commission; with housing, recrea- 


safety measures in 
tion, and related matters incident to em- 
ployment; and with the determination of 
labor standards, including working rules, 
rates of pay for unclassified and special 
methods for the 
ment of grievances. 


presonnel, and adjust- 


T 


1 addition to these conventional—and 


I 
highly important—activities, the person- 
nel department should be given the broad 
duties of leadership in promoting an essen- 
tial development—procedures for system- 
between 
and 


and 


atic cooperation employees, 


their organizations, representatives 
and the administrative 


staffs of the Commission. In this lies per- 


supervisory 


haps the most significant opportunity for 
furthering in every phase the public pur- 


poses stated in the Atomic Energy Act. 


Fortunately, the blueprints have already 
been drawn for the kind of comprehensive 
personnel policy suggested here. On the 
Canadian National Railways, the Tennes- 
see Valley Authority, 
ville Administration—all of them 
pioneers in the public administration of 
national resources—bold, constructive, and 


and the Bonne- 


Power 


forehanded action has paved the way to 
new concepts of relations in in- 
dustrial enterprises. The lessons learned 


human 


in these undertakings can be of the great- 
est value both in insuring against future 
deterioration of personnel relations and 
in assuring that the work of the Atomic 
Energy Commission will get under way 
with maximum efficiency. 

The chief argument for an early and 
aggressive personnel program, 
is not the prevention of future difficulties 
or the selection of a competent group of 


however, 


people. It is rather the inauguration of 
policies, standards, and methods: which 
will build up to the highest possible level 
of organizational morale. It is definitely 
within the power of the Commission it- 
self to shape the course of events toward 
this positive and eminently desirable goal. 


In many respects the production of 
atomic energy offers an even more chal- 


Our Publication Policy as 
Seen from Abroad 


.. . Victor F. Weisskopf 


The situation among scientists outside 


the United States seems to be very crit- 
ical. From my contacts with people from 
left 
the foreign 


outside, I am with the 
that 


American 


impression 
that 
completely en- 
slaved by the American Government and 


I 


scientists believe 


scientists are 


by the armed forces. This is primarily due 


to the misconceptions created abroad by 


the recent Army and Navy research con- 
tracts. Foreign scientists believe that the 


purpose of these contracts is to force our 


scientists into work on weapon develop- 
ment. 
They admit that we have the good will 


to improve the situation, but they think 


we are completely powerless. Therefore, 


they, for the most part, discount any help 


from our side; they believe they will never 
get any information of a scientific nature 
out of this country even on subjects that 


have been declassified. Perhaps a charac- 


teristic example of their attitude can be 
found in a recent issue of the British 
Medical Bulletin which contains a great 


deal of information on radiation problems. 


This Bulletin lists its distribution 


yurces 
from all over the world, but does not men- 
tion any in the 


Much 


United States. 


could be done to improve this 
situation; for example, by accelerating 
the declassification of declassifiable mate- 
rial and by sending this material as soon 
as possible to foreign scientists. There 


is a danger of creating a bloc of all for- 
scientists against us, they 


their own 


eign wherein 


develop their own ideas and 
plans, discountin; 
This attitude is 
in view of the 
affairs. is not changed, it 
will be very harmful for any international 


any collaboration with 


America. understandable 
present state of 


However, if it 


world 


understanding. 





lenging vista than did the establishment 


of huge public power developments or 
the operation of a railroad covering half 
This 


upon as the basis for 


a continent. fact seized 


should be 
creating within the 


organization under the Atomic Energy 


Commission a spirit of cooperative en- 
deavor in a vital mission. Such an atmos- 


phere will do more than any other single 





thing to guarantee the full realization 
of the potentialities for national and in- 
ternational welfare in the release of at- 
omic energy. 

11 








The Scientists’ Role in International Relations 


The life of us human beings on this 
earth is a complicated affair. I suppose 
you are all aware of this. I suppose also 
that many of you are worried by this com- 
plexity, at any rate by certain aspects of 
it. Why are you worried? There may be 
different reasons. Maybe it is your per- 
sonal affairs and those of your family 
which need your attention: they confront 
you with a task which is difficalt to fulfill 
since the problems ar complicated. 
You do not know what to do about them 
and at the same time something must be 
lone. That’s what worries you. 
Another type of worries take their 
origin in the complexity of affairs whith 
pertain to larger groups of people. If 
you are a university man it is your job, 
your duty, to 
You a 


4 


attend to such affairs. 
expected to take decisions, to 
ake action with regard 


ms | | . . 
collaborat 7s, to 


to your students, 


your laboratory. 
Some of you will have a natural, or an 
difficultie 


which arise here, and your worries need 


acquired gift to tackle the 


not be overwhelming; others will con- 
stantly suffer. 

Finally, let us think of humen affairs, 
the complexity of which worries you al 
though nobody asks you to worry about 
them. Social 


belong to this category; questions of the 





of wider scope may 


administration end government of your 
tow?!, of your state, of your country, and 
last but not least: international affairs. 
There may be things which you disapprove 
of and about which you think something 
cought to be done; people, who in part are 


responsible fo: uation and who 


are In a position to take action do not 


take action or take action in a way you 


think is bad. You might belong to those, 
who—gifted with true or false insight 

know at once what ought to be done about 
such affairs, but you might also be one of 
those, who have tried to analvse the situ- 
ation in—say, a scientific way and who 
thereby have realized its complexity. Then 
you may start to worry, in a way—per- 
kaps—which leaves you no peace and you 
may well become jealous of those who dis- 
regard the complexity and admire their 
courage when they take action in the way 
which Alexander tackled the Gordian knot. 
But all cf you will realize that admiring 
Alexender does not mean that 


you ap 
prove of him. 


Now the Gordian knot was not a social, 
a human affair. The complexity of affairs 


An address 


delivered at the Bicentennial Cele- 
bration of i 


Princeton University 





of the latter kind derives a good deal from 
the amazing, the queer and the discourag- 
ing characteristics of man himself. From 
his intelligence and his lack of intelli- 
gence, from his morale and from his lack 
of morale, from his egotism and from his 
devotion to others, from his 


c ) t desire for 
war and his desire for peace, from his 
lust to rule others and his ability or in 


competence to rule others. 


Compare this complexity with the com 


plications which the scientist meets in his 
own dear field. They are often so bad 
that he is inclined to omit the adjective 
His passion to hunt in his field 
has perhaps in the beginning been urged 


‘“) ” 
aear, 


by some kind of love, but look how often 
his love turns to anger. He is like the 
hunter, who gets very angry at the lion 
he loves to hunt. But anyhow, in ail hi 
vorries, the only personality, the only 


psychology he has to cope with is his own; 
the object with which he deals is inhuman, 
has no good-will or 


often may be 


malice, even if he 
inclined to think of th 
sphinx of nature, with whom he is wres- 
ling, as a fellow-being, the relations with 
which are constantly changing. He pats 
her and she scratches him; he scolds her 
and, look, how nice she then often can be. 
The better he knows how to handle her, 
the less he understands her, in accordance 
with what the French poet, Henri de 


Reguier, said about women in general. 


But let us leave this personification of 
nature out of the picture. Let us come to 
the theme which has brovght us together 
this evening—the scientists’ role in inter 
national relations. You will have felt in 
what 





spirit, and perhaps also in what 
mood, I have tried to approach this them 
Here we have the scientist, who is accus- 
tomed to cope with inhuman affairs of ex- 
treme complexity, and who starts to worry 
about international relations, the complex- 
ity of which is so greatly enhanced by its 
human aspects. 

Two questions arise. The first is: why 
are there, in these times, more and more 
scientists who really are assailed by such 
worries? And the second is: what can he 
do and what shall he do about it? And 
what hopes may he cherish? 


As regards the first question, you get 
the answer by considering what science 
has been and what scientists have been in 
the course of the history of civilization 
and to what point we have come now in 
the course of the evolution of science. 

In old days, say two or three hundred 
years ago, scientists worked as separate 
individuals who collaborated through their 


H. A. Kramers 


letters, through their books and through 
their occasional meetings, small ants in 
the ant-heap of human affairs, whose di- 
rect spheres of activity were small, how- 
ever big the final outcome of their work 
might be for human civilization. In their 
work they hardly needed to pay attention 
to the eventual outcome, and they had no 
more reason than any other citizen to 
worry particularly national or 
international affairs. Christian Huygens, 
the Dutch physicist of the 17th century, 
maid hardly any attention to national or 
international relations. He felt himself 
is naturally belonging to the international 


brotherhood of learned men, which held 


about 


an attitude of more or less outspoken con- 
tempt with regard to matters political. 
When Louis XIV in 1672 made an agres- 
sive war on Holland, he stayed peacefully 
n Paris. No need for him to pay attention 
o those wars: he was too busy anyhow. 
Simon Stevin, of Bruges, who lived half 
a century before Huygens, was much more 
what we would call now, socially minded, 
but he was so by inclination. He helped 
iis master, Maurice of Orange, to build 
fortifications; he also wrote a treatise on 
house planning from which his worrying 
about social conditions becomes clear, In 
his case it was not the outer circum- 
tances which dragged him, as a scientist, 
to the scene of human affairs—and the 
technical aspect of these affairs was al- 


Ww } 
W 


ays foremost in his mind. 

In our times, however, things are so 
different. As one of my colleagues in 
Leyden expressed it, science has more and 
more been making toys—toys, however, 
which they are not allowed to play with 
themselves; their big brothers, that is, 
the rulers of this world, have appropriated 
these toys, and used them for all kinds of 
purposes, and many of these purposes are 
We scientists have be- 
come very conscious of the fact that our 
efforts eventually will lead to results 
which are apt to modify the living condi- 
tions of mankind on our earth. Seeing 
this, our social conscience is awakened, 
and we hope that these modifications will 
he for the good and not for the worst. My 
Leyden colleagues expressed it like this: 
we wish that it be left to us to play with 
the toys we made ourselves. This is cer- 
tainly an over-simplification of the prob- 
lem. We do not want, we have no time, 
most of us at any rate, to play ourselves, 
but we feel a certain responsibility and 
want to see that the toys we made our- 
selves are used in the right way, national- 
ly and internationally. 


not so very nice, 


And here we become confronted with 
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the ‘second of the two questions mentioned 
above. What can we do and what shall 
we do, and what hope can we cherish 
about the outcome of our activities? Now 
some us may beforchand be conscious of 
our incompetence regarding the task 
which dawns before us, or we may be 
cowards or egotists and shut ourselves up 
in our rooms as well as we can. Others 
among us may gird their swords and run 
to partake in the battle. And these will 
soon see, or ought to see, with their scien- 
tifically trained minds, the complexity of 
the problems before them. 


This complexity I have mentioned at 
the beginning of this talk. There I pointed 
out how this complexity was due in large 
part to the human element in group rela- 
tions, especially in affairs of international 
scope. We poor scientists who want to 
take part in the battle will have to under- 
stand human behavior, and woe to us if 
the natural gift for doing so is lacking 
in us. But if we have it, what can we do 
and what shall we do? 


I hope you do not expect a definite an- 
swer from me tonight. I will only try to 
give two indications of the way to follow. 
The first is that we should take advantage 
of everything which the occupation with 
our own science has taught us. That is, 
we should study with patience al! facts, 
turn them over and over, and we should 
not scorn or overlook details since we 
know that from the consideration of de- 
tails the solution of the big problem often 
has emerged. On the other hand, patience 
should not mean indefinite postponement 
of decisions and actions. There is no text- 
book which tells us how to find the right 
balance between thinking and acting; he 
who has the grace will do it well. This 
well-balanced scientific attitude may 
prove, must prove, beneficial in all human 
affairs, in all things political. 


The second indication is the following. 
Science is, as I said rather in- 
human; international relations are con- 
taminated by their human aspects and 
therefore so much more complex. But 
look here: are things human so much 
worse than things inhuman? Has not the 
word “inhuman” the connection of mean- 
ing something less desirable than the 
word “human”? In human relations we 
are no longer alone with the riddle of 
our own personality. When we are two 
we may achieve much more than when 
we are alone, and when we are many, how 
big is the promise that groups of people 
will find each other and work together at 
a problem, which no single man can solve? 
In human nature lies our worst enemy, 
but at the same time, it holds out the 
promise for that friendship which means 
collaboration and achievements for the 
future of mankind. 


above, 


The UN Atomic Energy Commission 


The informal meetings of the Commit- 
tee 2 of the Atomic Energy Commission 
continued throughout November, but lit- 
tle transpired as to the subjects discussed. 
To the report on the first five such meet- 
ings, printed in the last issue, it may be 
added that on October 22, Dr. G. M. Briggs 
(Australia) gave an outline of the occur- 
rence working of 
sands in Australia, and Prof. 
(U.S.S.R.) 
product of 
minerals in 


and thorium-bearing 
Alexandrey 
thorium as by- 
the mining of gold and other 

U.S.S.R. It was generally 
agreed that the wide occurrence of thori- 
um deposits, for instance, monazite sands, 
on the ocean beaches, ‘and the small scale 


of mining 


discussed 


operations 
difficult to 
uranium. 


make it 
thorium than 


involved, 


more control 


In the same meeting, the Secretariat 
was requested to formulate a draft state- 
ment of the problems involved in the set- 
ting up of controls over the mining of 
uranium and prevent 
diversion of raw materials at the mining 


stage. 


thorium so as to 


In the seventh informal meeting, on 
November 4, a general account of the con- 
trol of chemical proc- 
esses in industry, was given by T. H. Crit- 
chett (Electro Metallurgical Company). A 
working paper on control of thorium sub- 
mitted by the U. S. Delegation on October 
31, was considered, as well as a revised 
draft of the working paper on the control 
at uranium mines and mills, prepared by 
the Secretariat on October 28. 


and metallurgical 


On November 18, a plenary meeting of 
the Atomic Energy Commission was held 
for the first time in four months, to hear 
a report by the chairman, Mohamed Bey 
Khalifa (Egypt). He criticized the delays 
and wrangles in the Commission, and de- 
clared the peoples of the entire world were 
waiting upon the outcome of the Com- 
mission’s work. He said he believed that 
during his stewardship “some real 
progress” had been made toward the Com- 
mission’s goal and that “in this ail the 
members have cooperated heartily and 
willingly.” 


The report asserted that the Commis- 
sion’s Scientific and Technical Sub-com- 
mittee had reported that from the tech- 
nological point of view, “control of atomic 
energy was feasible,” and had indicated 
the “danger points” at which such control 
should be applied. 


“There still, remain, of course, major 
political problems,” the report said. It is 
time that we deal with them.” 


Colonel Khalifa: took note of a “few 
public expressions of impatience” at the 


failure of the Commission to reach a final 
and unanimous 


4 


the membership that 


conclusion, and reminded 


“We cannot leave 
out of account the words in our mandate 
that the Commission proceed ‘with the ut- 


most dispatch.’ ” 


The report closed with suggestions (1) 
that the Atomic Energy Commission sub 
mit to the Security Council by Dec. 31 a 
report of its proceedings, findings and 
recommendations, based upon its 
tions to date; and (2) that the 


Assembly 


Financial) be directed to offer 


delibera- 
General 
Committee 2 (Economic and 
drafts for 
parts of it, from time 
to time, to the Atomic Energy Commission 


such a report, or 
for its consideration and action, all drafts 
to be completed by Dec. 20. 


Bernard M. Baruch, United States del- 
to the Commission, expressed “full 
agreement” report and 


that the suggestions be adopted. 


egate 


with the moved 


Capt. Alvaro Alberto of Brazil and Gen. 
A. G. L. MeNaughton of Canada spoke 
in behalf of the report and its suggestions. 
General McNaughton that before 
ship at the end of 


the year, when three new countries take 


urged 


the change of member 


office, the Commission should convey to a 
public “naturally concerned” a report on 
the ground that had been covered. 

S. P. Alexandrov, who spoke for the 
Union, out that the re- 
port had been made available only a few 
minutes before the session convened, and 
he said that the 
problem; that the 
liminary study and that, consequently, he 
was not in a 


Soviet pointed 


time factor raised a 


matter called for pre- 
position to vote for o1 
against. 

The French 


Parodi, 


representative, Alexandre 


opposed the Russian interpreta- 


in the suggestions, 


that it did not 


tion of the time limit 
declaring constitute an 
time limit” on the 
work of the committee in seeking atomic 
energy control, but involved only the re- 
port on recommendations contained in the 
suggestions of Colonel Khalifa. 


M. Parodi that there 
were proposals by the United States and 


strict 


“imperative or 


also remarked 
Soviet Governments on total disarmament 
before the General Assembly and that if 
the Atomic Energy Commission hastened 
its work, it would facilitate the problems 
of the Assembly on the disarmament 
question. 

The report and the suggestion were then 


adopted by unanimous vote, with the 
U.S.S.R. and Poland abstaining. 











The Present Status of Declassification .... 


In the November issue of the “Bulletin of the Atomic Sci- 
entists,” we inaugurated a program designed to shed light on 
the policies of the Manhattan Engineer District with regard 
to declassification and dissemination of technical information 
gathered during the war. This program began wth the publica- 
tion of an outline of the current MED procedures, written at 
the request of the “Bulletin,” by Lt. Col. W. S. Hutchinson, 
Declassification Officer for the MED. 

Our efforts to clarify this problem are continued in this 
issue. The basic principles that should guide the dissemination 
of such information are discussed both editorially and in a 
letter by Prof. Weisskopf. 


* * a 


Declassification has been in operation for over 6 months. At 
the present writing, about 600 documents have been classified. 
However, up to Nov. 28 not even a partial list of titles of these 
declassified documents had been distributed to scientists, either 
American or foreign, outside the Manhattan Project. 

That small fraction of our scientists within the Project have 
not fared much better. A list of about 80 titles, dated July 15, 
and marked “For Distribution Within the Manhattan Project 
Only” was issued in October to key project personnel. A second 
list of about 100 titles, dated August 1, and similarly limited in 
its distribution, was scheduled for the first week in December. 

In view of this unsatisfactory situation a number of promi- 
nent scientists have urged that the “Bulletin” publish a complete 
list of the declassified documents. During the last days of 
November a series of discussions with the Declassification au- 
thorities has brought about some clarification of the issues. As 
a result the “Bulletin” presents below the titles contained in 
the July 15 and Aug. 1 lists and we plan to publish the additional 
lists as they are made available. 


A great deal of confusion still exists regarding the methods 
of making copies of the declassified documents themselves avail- 
able to both those inside and outside of the Manhattan project. 

Some of the sources of this confusion are obvious. Instead 
of listing them we here confine ourselves to a recital of the sorry 
state of the present situation and note that authorities have 
assured us that the distribution of declassified documents will 
show improvement in the near future. We will report these 
long-overdue actions as they become effective. 


PROJECT DISTRIBUTION: 


According to policy of the Research Division of the MED, 
as of Aug. 1, distribution within the Manhattan project of the 
documents listed below is to be made as follows: 

“Copies of these documents will be distributed by the In- 
formation Branch, Research Division, Manhattan District, to 
every Project installation which normally receives project re- 
ports. Coordinating Organization Directors and Responsible 
Reviewers who do not have access to any Project information 
service may obtain copies on request. Since deletions in the 
original documents may have been made by the originating 
institutions before submission for declassification, this publica- 
tion (the Aug. 1st list of Declassified Documents) does not 
constitute authority for declassification of classified copies of 
documents which may bear the same title and report number 
and which may have been written by the same authors. The 
originating institution, only, may use the declassified document 
received from the Declassification and Publications Branch as 
authority for the declassification of such classified copies of the 
original document as contain no Manhattan Project scientific 
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and technical information in excess of that contained in the 
declassified document. The originating institution is responsible 
for notifying all recipient institutions or individuals of the 
declassification of such classified copies as the originating 
institution has distributed. Classified copies which must remain 
classified because of deletions made before submission for 
declassification may be retained in the recipient’s file as classified 
documents or they may be returned to the originating institution 
or destroyed in accordance with the provisions of A.R. 380-5. 
Furthermore, this list does not constitute authority for declassi- 
fication and release of items of equipment or material mentioned 
in the documents (unless specifically written to declassify the 
items), references used by the author, or similar papers.” 


* * * 


PUBLIC DISTRIBUTION: 


Individuals or organizations not presently under contract 
with the Manhattan project may request copies of the docu- 
ments listed below as follows: 


1. Requests for copies of the documents listed under A should 
be addressed to the Offices of Technical Services, Department 
of Commerce, Washington, D. C. 

It should be noted that documents which have been sent 
to the Offices of Technical Services, Department of Commerce, 
were to have included in the Department’s weekly 
publication, “Bibliography of Scientific and Industrial Re- 
ports.” These documents then were to have been made avail- 
able for public distribution by the same office in the form 
of microfilm or photostats. 

However, examination of this publication shows that less 
than twenty of the documents listed in Part A have appeared 
to date. Furthermore, all of these appeared in the Aug. 9th 
issue of the publication; none in the issues from Aug 9-Nov. 
8. Finally, attentéon should be called to the joker: “...the 
Department of Commerce will withhold distribution through 
its channels until publication has been accomplished on those 
documents to be published in the standard technical journals.” 

Clearly the original plan to issue declassified documents 
to the public through the medium of the OTS of the Depart- 
ment of Commerce has not been a signal success. It is equally 
obvious that if the OTS has merely become another repository 
for Manhattan Project declassified documents instead of a 
distribution center nothing is gained by concealing this fact. 


been 


2. Requests for documents listed under B should be referred to 
the authors concerned, since these documents were withheld 
from the Department of Commerce. 


* > a 


Unless it is realized that the documents listed below vary 
widely in character and quality the titles alone may be 
misleading. The documents were written originally for such 
disparate purposes as: oral presentation before both popular 
and scientific groups; publication in newspapers, popular 
texts, scientific journals and the projected Manhattan Project 
Technical Series; industrial and manufacturing specifications. 

Although there is no single source for the public dis- 
semination of all declassified documents, the standard scien- 
tific journals have, in the past few months been publishing a 
number of these documents. We refer our readers to recent 
issues of the Physical Review, Journal of the American 
Chemical Society, Review of Scientific Instruments, Science, 
Chemical and Engineering News, etc. Thus documents de- 


clussified for oral presentation before the American Physical 
Society are summarized in brief abstracts in Phys. Rev. v. 
H. H. G. 


70, 99 and 448, 1946. 
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A List of Manhattan Project Declassified Documents 


PART A 


Mass Spectrometer for Leak Detection—T. A. Abbott, A. Hus 
tralid, A. O. Nier, C. M. Stevens. 


The Neutron-Proton and Neutron-Carbon Scattering Cross Sec- 
tions for Fast Neutrons—Carl L. Bailey, W. E. Bennett, Thor 
Bergstrahl, Richard G. Nuchols, H. T. Richards, John H. Wil- 
liams. 

Thick Target 
Barker. 





Yields with Deuteron-Proton Reactions—E. C. 


On the Disintegration of Nitrogen by Fast Neutrons—H. H. 
Barschall, M. E. Battat. 


Seattering of Fast Neutrons by Boron—H. H. Barschall, M. E. 
Battat, W. C. Bright. 


Neutrons from C!2+-D—wW. E. Bennett, H. T. Richards. 


On the Existence of a Resonance Absorption of Neutrons in 
Graphite—S. Bernstein. 


H. A. Bethe. 
The Theory of the Synchrotron—D. Bohm, L. Foldy. 


Atoms and Nuclei- 


Fissionability Studies—L. B. Borst, J. J. Floyd. 


Diffraction of Neutrons—L. B. Borst, A. J. Ulrich, C. L. Os- 
borne, B. Hasbrouck. 


Energies of the Delayed Neutrons from U235 Fission Products 
—M. Burgy, L. A. Pardue, H. B. Willard, E. O. Wollen. 


Radiation Chemistry—Milton Burton. 


Pile-Produced Radioisotopes of Half-Life longer than 12 Hours 
—E. Waldo Cohn. 


Radiochemistry and the Fission Products—C. D. Coryell. 


A Graphical Method for Determining Particle Trajectories—E. 
C. Crittenden, Jr., W. E. Parkins. 


Methods for Betatron or Synchrotoron Beam Removal—E. C. 
Crittenden, Jr., W. E. Parkins. 


Proposed Neutron Spectrometer in the 10-1000 Kev Range—B. 
T. Feld. 


The Multi-Channel Pulse Analyzer—A. Ghiorso, B. Weissbourd, 
H. Robinson. 


A Method for Measuring Half-Lives—A. Graves, R. Walker. 


Assignment of Mass to 46 hr. Samarium and 9.2 hr. Europium 
by a Mass Spectrograph—R. J. Hayden, M. G. Inghram. 


Higinbotham Scale of 64, Mark 5, Model 3—W. Higinbotham. 


Radiative Capture Cross-Section 
Hughes. 


for Fast Neutrons—D. J. 


An Apparatus for Measuring Joule-Thomson Effects in Gases 
by Direct Expansion Through a Valve—H. L. Johnston. 


Joule-Thomson Effects in Hydrogen at Liquid Air and at Room 
Temperature—H. L. Johnston, Irving I. Benzman, C. B. Hood. 


Joule-Thomson Effects in Deuterium at Liquid Air and at Room 


Temperatures—H. L. Johnston, C. A. Swanson, Henry E. 
Wirth. 


Counter for use in Scattering and Disintegration Experiments— 
P. G. Koontz, T. A. Hall. 


Seattering of Fast Neutrons by Helium—P. G. Koontz, T. A. 
Hall. 


Nucleonics and the Chemical Engineering Curriculun mn. ©. 


Leverett. 


Chemical Isolation of the 56 Second Bromine and the 2: 
Iodine Delayed Neutron Activities—J. S 


Meiners, M. B. Sampson, A. H. Snel 


} Second 
Levinger, E. P. 
Pile Kineties—L. W. Nordheim. 
Manufacture of Carbon 14 

Norris, A. H. Snell, E. P. 


in the Chain-Reacting Pile—L. D. 


Meiners, L. Slotin 


The Total Seattering Cross-Sections of Deuterium 
for Fast Neutrons—-R. G. Nuchols, Carl L. 
nett, Thor Bergstrahl 


and Oxygen 
Bailey, W. E. Ben 
H. T. Richards. J. H. Williams 

Design of Dynamic Condenser Electrometers—H. 


K. Swank, R. Grenchik. 


Palevsky, R. 


The Neutron Spectra of Po-B and Po-Be—1 
Richards, Lyda Speck. 

Health-Physics 
W. H. Ray. 


H. Perlman, H. T. 


Building Surveying Clinton Laboratories 


Frequency Modulated Cyclotron—J. R. 
Kenzie, E. J. Lofgren, B. T. Wright. 


Richardson, K. R. Mac 


Theory of Pile Control Rods—R. Scalettar, L. W. Nordheim. 


Energy-Angle Distribution of Betatron Target Radiation—L. I. 
Schiff. 


Mechanical Frequency Modulation 
Cyclotron—F. H. Schmidt. 


System as Applied to the 
Design, Construction and Preliminary Tests of a Double-Focus- 
ing Mass Spectrograph—A. E. Shaw, W. Rall. 
Manual for the Proportional Alpha Counter—J. A. Simpson, Jr. 
The Chemical Significance of Modern Nuclear S 
nology—-A Symposium by Oak Ridg« 


Fission 


ience and Tech- 


Scientists. 
Radiation from 
ner. 


Products—Katherine Way, E. P. Wig- 


New Opportunities and 
M. D. Whitaker. 


New Responsibilities for Scientists 


Plans and Problems in Nuclear Research—F. Daniels. 
The Total Cross-Sections of Carbon and Hydrogen for Neutrons 
of Energies from 35 to 490 Kev—D. H. Frisch. 


New Developments in 


F, Zuhr. 


Vacuum Engineering—R. B. Jacobs, H. 


Recording Mass Spectrometer for 


er, T. A. Abbott, J. K. Pickard. 
Allen 


Process Analysis—A. O. Ni- 


Regulated Supply—vV. S. 
Linear Accelerator—L. W. Alvarez 


A Semi-Quantitative Method for the Specti 
of Small Samples of Powders—M. C. 


graphic Analysis 


Bachelder ° 


Sensitivity of Proton-Recoil Ionization Chambers—H. H. Bar- 
schall. 
The Crystal Structure of Polonium—W. H. Beamer, C. R. 


Maxwell, 


Model 100 Delay Line Shaper—No designated author. 
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The Concentration of K3® and K*4! by Balanced Ion Migration 
in a Counterflowing Electrolyte—A. K. Brewer, S. L. Mador- 
sky, J. W. Westhaver. 


Spiral Fission Chambers—W. C. Bright. 


Theory of Neutron Counters Using Proton Recoils from Paraffin 
—K. M. Case. 


Half-Life of Uranium 234—0O. Chamberlain, D. 
Yuster. 


Williams, P. 


Room Temperature Casting Resin for Mounting Metallographic 
Specimens—J. S. Church. 


Derivation of Equations—W. E. Cohn. 


Hydrogen Recoil Proportional Counter for Neutron Detection— 


J. H. Coon, R. A. Nobles. 
Alloys of Gold and Beryllium—B. D. Cullity. 


The Willgerodt Reaction—W. G. Dauben, J. C. Reid, P. E. 
Yankwich, M. Calvin. 


The Multiple-Wire Proportional Counter—B. Diven, R. W. 
Thompson. 


Half-Life of C!4—J. R. Dunning. 

10 M.C. Wide Band Amplifier and Scope—W. C. Elmore. 
Model 500 Amplifier—W. C. Elmore. 
Pre-Amplifier-Model 500—W. C. Elmore. 


Neutron Spectrum from a Cold Para-hydrogen Radiator—T. 
Hall, F. de Hoffmann. 


Spin Dependent Part of the Neutron-Deuterium Cross Section 
—T. Hall, F. de Hoffmann. 


1500 Volt R. F. Power Supply (Coil Data)—W. A. Hane. 
1500 V. R. F. Power Supply—W. A. Hane. 


R. F. High Voltage, Power Supply (Voltage Doubler Type)— 
W. A. Hane. 


R.F. Coil for R.F. High Voltage Power Supply (Voltage Doubler 
Type)—W. A. Hane. 


Flat Response Neutron Detector—A. O. Hanson. 
Pulse Analyzer—1 Channel—W. Higinbotham. 
Scale of 64 and Discriminator—Model 200—W. Higinbotham. 


Scale of 64 with R.F. Power Supply—Model 400—W. Higin- 
botham. 


Scaler Unit Circuit—W. Higinbotham. 

Efficiencies of Neutron Counters Using Recoils of Protons in 
Argon and Xenon—J. O. Hirschfelder, J. L. Magee. 

Ratio of 60 Pulse Generator Mark 21, Model 3A—W. P. Jesse. 

Survey Instrument, Mark 1, Model 10, Zeuto—W. P. Jesse. 

Survey Instrument, Mark 1, Model 21-A, Zeus—W. P. Jesse. 


Metallographic Preparation Method for Tungsten Carbide—G. 
L. Kehl. 


Remarks Concerning X-Ray Pulse and Photographic Film Tech- 
nique of Recording X-Ray Pulse Pictures—D. W. Kerst. 

Note on performance of an Experimental Spray Scrubber—R. 
Landau. 

Paraffin Thickness Correction for Neutron Counters Using 
Recoil Protons and Deuterons—J. L. Magee. 

Elastic Backscattering of d-d Neutrons—J. H. Manley, H. M. 


Agnew, H. H. Barschall, W. C. Bright, J. H. Coon, E. R. 
Graves, T. Jorgensen, B. Waldman. 





16 


Production and Isotopic Assignment of a 90 Day Activity in 
Element 48—E. E. Motta, G. E. Boyd, A. R. Brosi. 


Absorption of Slow Neutrons by Cd113—B, J. Moyer, B. Peters, 
F. H. Schmidt. | 


Pure Beryllium Oxide as a Refractory—F. H. Norton. 


Geometrical Formulas for Experiments on Single Scattering— 
P. Olum. 


Counting Rate Meter—Model 200—M. Sands. 
Counting Rate Meter—Model 100—M. Sands. 
Ion Gauge Control—M. Sands. 
Model 100 Amplifier—M. Sands. 
Model 100 Precision Pulser—M. Sands. 
Oscillograph Cireuit—M. Sands. 


Stopping Power of Various Substances for Fission Fragments— 
E. Segre, C. Wiegand. 


Amplifier, Preamplifier—H. Staub. 

Discriminator-Pulse Generator—H. Staub. 

Double Scope Supply—H. Staub. 

MW Counter (Drawings 1A to 6A)—H. Staub. 

Step Calibrator—H. Staub. 

Mass-Assignment of 2.6 h Ni®—J. A. Swartout, G, E. Boyd. 
Beta Rays from H3—R. J. Watts, D. Williams. 








PART B 
Production of Low Energy Neutrors by Filtering Through 
Graphite—H. L. Anderson, E. Fermi, L. Marshall. 
Phase of Neutron Scattering—E. Fermi, L. Marshall. 
Reflection of Neutrons on Mirrors—E. Fermi, W. H. Zinn. 
The Decay of Cb! (6.6 min.)—-M. Goldhaber, W. J. Sturm. | 
A Critical Survey of Neutron Cross Sections—H. H. Goldsmith. 


Neutron Cross Sections of the Elements—H. H. Goldsmith, H. 
W. Ibser. 


Mass Spectrometric Observation of C!'4—M. G. Inghram. 


Neutron Absorbing Isotopes in Gadolinium and Samarium—R. 
E. Lapp, J. R. VanHorn, A. J. Dempster. 


The Preparation of Certain Halohydrocarbons—E. T. McBee. 
Recording Ionization Chamber for Traces of Radioactive Gases 
—A. O. Nier, C. M. Stevens, T. A. Abbott, J. K. Pickard. 


Mass Assignments of Some Radioactive Isotopes of Pd and Ir— ° 
Wilfrid Rall. 


Studies of Neutron Resonances with a Crystal Spectrometer— | 


W. J. Sturm, S. Turkel. 


Theory of Heat and Mass Transfer in Batch Condensation of 
Solids—W. I. Thompson. 


Crystal Structure Studies of Plutonium and Neptunium Com- 
pounds—W. H. Zachariasen. 


The Bragg Reflection of Neutrons by a Single Crystal—W. H. 
Zinn. 

Magnetic Gear for Torque Transfer to an Enclosed System— 
T. A. Abbott, J. K. Pickard. 


The Role of the Johns Hopkins University in the Development , 
of the Atomic Bomb—W. B. Burford ITI. 





Phe 


Sm: 


Ma 
To 


Be 


Cz 


Di 


M 


h 





ri 
-4 








n of 


Com- 


ment « 


Photographs and feature article—(Chicago Tribune). 


Small Homogeneous Reactor at Los Alamos—“Water Boiler.”— 
R. F. Christy. 


Characteristics of Mixing and the Dilution of Waste Stack 
Gases in the Atmosphere—Phil Church, C. A. Gosline, Jr. 
Elementary Theory of the Pile—E. Fermi. 


Direct Mass Assignments of 55 Day Strontium and 
Yttrium—L. G. Lewis, R. J. Hayden. 


=] 


or 


Day 





A Mass Spectrograph for the Analysis of Fission Product Mix- 
tures—L. G. Lewis, R. J. Hayden. 


Mass Spectrographic Identification of Active Isotopes Contained 
in Three Fission Product Mixtures—L. G. Lewis, R. J. Hayden. 


Total Cross-Sections of Various Materials for Indium Resonance 
Neutrons—John Marshall. 


Beneficial Isotopes Available from Atom Bomb Project—News 
Release and Photographs—G. O. Robinson, J. E. McKee, P. 
C. Aebersold. . 


A Precision Alpha Proportional Counter—J. A. Simpson, Jr. 
Pile Perturbation Theory—Harry Soodak. 


Calculation of Critical Size of Heterogenous Slow Neutron Chain 
Reactor—A. M. Weinberg. 


A General Account of the Work of the Theoretical Physics 
Section in the Plutonium Project—E. P. Wigner. 


The Preparation of Polyperfluorovinyl-chloride—E. A. Belmore, 
W. M. Ewalt, R. L. Murray. 


Excitation of Plasma Oscillations—D .Bohm. 


Resistance of Materials to Fluorine and Hydrogen Fluoride 
M. H. Brown. 


Carcinogenic Action of Some Substances which may be a Prob- 
lem in Certain Future Industries—A. M. Brues, H. Lisco, 
M. Finkel. 


Document Requesting Declassification of certain Fluorocarbons 
—C. E. Center. 


Magnetic Fields Due to Dee Structures in : 
Clark. 


1 Synchrotron—A. F. 


Efficiency of Frequency Modulated Cyclotron—L. 


Foldy, D. 
Bohm. 


Energy of Neutrons from MsTh-D, La-D, Y-Be, and Sb-Be 
Photo-Neutron Sources—A. O. Hanson. 


The Preparation of Fluorine—Harshaw Chemical Paper Com- 
pany—Contribution from the Research, Development and En- 
gineering Departments. 


Synchrotron Radio Frequency System—A. C. 


3) Helmholz, F. V. 
Franck, J. M. Peterson. 


Absorption in a High Molecular Weight Non Aqueous System— 
Uranium Hexafluoride in Heavy Oil—R. Landau, C. E. Birch- 
enall, G. G. Joris, J. C. Elgin. 

Continuous Fluorine Disposal Plant—R. Landau. 


Industrial Handling of Fluorine—R. Landau, R. Rosen. 


Description of a Frequency Modulated Cyclotron and a Discus- 
sion of the Defiecter problem—E. J. Lofgren, B. Peters. 


Preparation of Fluorine—K. E. Long, C. F. Swinehart, G. C. 
Whitaker. 


Frequency Modulation for Berkeley 37” Cyclotron—K. R. Mac 
kenzie, F. H. Schmidt. 


Preparation of Polyhaloheptanes II. The Fluorination of Poly- 
chloroheptanes with Hydrogen Fluoride—E. T. McBee, et al. 


Preparation of Polyhaloheptanes III. Fluorination of Poly- 
chloroheptanes and Polychloropolyfiuoroheptenes with Anti- 
mony (V) Fluoride—E. T. McBee, et al. 


Preparation of Polyhaloheptanes IV. The Fluorination of Poly- 
chloropolyfluoreheptenes with Cobalt (III) Fluoride and Sil- 
ver (II) Fluoride—E. T. McBee, et al. 


Preparation of Polyhaloheptanes V. Fluorination of Chloro- 
perfluoroheptanes with Antimony (V) Fluoride—E. T. McBee, 
et al. 


Preparation of Polyhaloheptanes VI. Identification and Reac- 
tions of Polyhalohydrocarbons and Halocarbons—E. T. Mc- 
Bee, et al. 

Preparation of Polyhaloxylenes I. The Preparation of Bis-(Tri- 
chloromethyl) Benzenes—E. T. McBee, et al. 

Preparation of Polyhaloxylenes II The Preparation of Bis-(Tri- 
fluoromethyl) Benzenes—E. T. McBee, et al. 

Preparation of Polyhaloxylenes IV. Fluorination of Polychloro- 
Bis (Trichloromethyl) Benzenes—E. T. McBee, et al. 

Preparation of Polyhaloxylenes V. Addition of Chlorine to 
Dichloro-Bis (Trifluoromethyl) Benzenes—E. T. McBee, et al. 

The Reaction of Polyhalogenated Aromatic Compounds with 
Antimony (V) Fluoride—E. T. McBee, et al. 

The Decomposition and Analysis of Organic Compounds con- 
taining Fluorine and Other Halogens—J. F. Miller, H. Hunt, 
E. T. McBee. 

Determination of Carbon in Halohydrocarbons 
rine—J. F. Miller, E. T. McBee. 





Containing Fluo- 


Determination of Hydrogen in Fluorine Containing Halohydro- 
Carbons—J. F. Miller, H. Hunt, E. T. McBee. 


Isotopic Absorption of Slow Neutrons in Cadmium—B. J. Moyer, 
B. Peters, F. H. Schmidt. 


Development of a Commercial Cell for the Electrolytic Produc- 
tion of Fluorine—R. L. Murray, 8. G. Osborne, K. E. Stuart. 


Measurement of Electric Field Strength in a Cavity Resonant 
at 200 mc—W. K. H. Panofsky. 


A Method for Measuring Small Changes in Alternating Mag- 
netic Fields—W. M. Powell. 


A Colorimetric Method for the Determination of Uranyl Ion 
H. F. Priest, G. L. Priest. 


Measurement of Density of Liquid UF,—H. F. Priest. 
Preparation of Uranium Pentafluoride—H. F. Priest. 

Report on the Storage of Fluorine Under Pressure—H. F. Priest. 
The Thermal Conductivity of Liquid UF,—H. F. Priest. 

Use of a Hydrogen Fluorine Torch to Weld Copper—H. F. Priest. 


The Vapor Pressure of Uranium Hexafiuoride in Equilibrium 
with Uranium Pentafluoride—H. F. Priest. 


The Nuclear Reaction (p, pn)—J. R. Richardson, B. T. Wright. 


Boron Trifluoride Neutron Detector for Low Neutron Intensi- 
ties—E. Segre. C. Wiegand. 


Isotope Chart (15 May 1945 Revised)—Compiled by E. Segre. 


-Thick-Target Excitation Functions for Alpha Particles—-I. 


Segre, C. Wiegand. 
The Reaction of Fluorine Oxide with Sodium Hydroxide—E. 
Simons, T. P. Wilson, S. C. Schuman. 


Acceleration of Stripped Light Nuclei in the 60” Cyclotron— 
H. York, R. Hildebrand, T. Putman, J. G. Hamilton. 





17 








Technological Control of Atomic Energy Activities 


Report Based on Studies by American Scientists 
—transmitted to the UN Atomic Energy Commission 


This report is the outcome of a number of studies begun 
almost a year ago. 

Our readers will recall that the early issues of the Bulletin 
featured a series of articles treating many of the topics in the 
present report. 

Further, it should be noted that the Federation of Atomic 
Scientists (predecessor of the Federation of American Scien- 
tists) instituted a classified study of the problem at the re- 


by the US Delegation 


quest of the McMahon Committee. This study was conducted 
by members of the FAS who were expert on particular phases 
of the various production methods. 

The report published below is a declassified version of studies 
then conducted by two committees appointed by General Groves. 
(The material compiled by the FAS group was, of course, made 
available to these committees.) 

The members of the two committees were: 


M. Benedict (Chairman), L. W. Alvarez, L. A. Bliss, S. G. 
English, A. B. Kinzell, P. Morrison, F. H. English, C. Starr, 
W. J. Williams. 


CHAPTER 1 
INTRODUCTION 


PURPOSE OF REPOR'] 


£ 


The terms of reference of the United Nations Atomic Energy 
Commission direct it, in part, to make specific proposals 
(1) “For controi of atomic energy to the extent necessary to 
peaceful purposes; 


i 


ensure its use only for 
(2) “For effective way of and other 


against the hazards of viola- 


safeguards by inspection 

means to protect complying States 

tions and evasions” of agreements concerning the use of atomic 
energy. 

This report outlines m 

detect 


interfering 


easures of technological control designed to 


violations and evasions of atomic energ without 


zreements 


unnecessarily with the peaceful uses of atomic energy. 


rhe necessity of preventing violations and evasions may, in some Cases, 


introduce certain complications in the full exploitation of atomic energy 


for peaceful purposes. 
| 


It is essential to note that this report is concerned with techno- 


logical control of atomic energy and not with political and military 


aspects of control. The objectives of technological control are to 


to actect any vi0- 





prevent, so far as possible by technical means, and 





lations of an agreement not to produce atomic weapons. ‘Techno- 
logical control should be designed to guard against any nation's secur- 
ing a military intage with respect to atomic weapons. The de 





would provide an immediaic, cl 


of any step that might lead to an 


tection of violations earcut warning 


the 
technologist is to detect such activity when it starts; it is the statesman 


atomic war. The function of 
who must prevent its continuation. 

It is difficult 
tion of atomic 


to define the amount of activity in the illicit produc 
The illicit 


decade of successful 


weapons which is significant. construction 


of a single atomic bomb by means of a evasion 
would not provide an overwhelming advantage, if it can be assumed 
But 
the secret production of one bomb per year would create a definite 
danger, and the 


that it would take another decade to produce a second bomb. 





ecret production of five or more per year would be 
disastrous. This report asumes arbitrarily that the minimum unit of 
non-compliance is the secret production of one atomic bomb pe 
year or of a total of five bombs over any period of time. 
FORMS OF EVASION OF TECHNOLOGICAL CONTROL 
Evasion of technological control may take the following forms: 
(1) Diversion of 
(2) Seizure of 
(3) Concealment of operations, 
(4) Any combination of the above. 


materials. 
facilities. 


DIVERSION OF MATERIALS 

The peaceful use of atomic energy, which should be encouraged, 
involves the use of the key materials and fissionable ma- 
terials which are used in atomic weapons; the diversion of these 
materials to illicit weapon manufacture must be prevented. Fission- 
able materials which might be diverted would still have to undergo 
further processing before being fabricated into weapons, but they 


same raw 
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the most difficult and 
For this reason, the most stringent controi 
of these materials is particularly important. Denaturing keeps cer- 
materials from being immediately suitable for 
manufacture; it is important not to overestimate the degree of pro 
tection thereby provided, as has sometimes been done.* 


have been some of 


conspicuous operations. 


would already through 


tain easy weapon 


SEIZURE OF FACILITIES 

Any atomic energy installation devoted to peaceful use is liable to 
seizure by any nation which decides to violate its agreement openly. 
Hazard is inherent both in the productive capacity of the facilities 
themselves and in the stocks of raw materials or partially finished 
products which must, to some extent, be associated with such facilities. 
The hazard can be minimized by limiting the type and capacity of 
installations and the amount and nature of materials which are proc- 
The use of denatured material, for 
what diminishes the hazard. Technological control should ensure that 


essed and stored. instance, some 
all facilities are of such a type and so located that their seizure would 
confer the least military advantage on the outlaw nation. 
CONCEALMENT 

Once the production of atomic weapons has been prohibited under 
the terms of a treaty, the danger will still exist that they can be 
manufacured in hidden or disguised facilities. To do this, it would 

necessary to fissionable material through diversion or to 
construct and operate clandestine facilities for production of fissionable 


secure 
material. In the latter case, illegal methods of obtaining raw materials 
at some stage would also be necessary. Technological control should 
facilities of 
struction and operation 
detected. 
THE ROLE OF THE ATOMIC 
IN TECHNOLOGICAL CONTROL 
The United States Representative proposed to the United Nations 
Atomic Energy Commission on June 14, 1946, that an 


detect concealed these types and discourage their con 


because of the likelihood of their being 


DEVELOPMENT AUTHORITY 


Atomic Devel- 
opment Authority be created to conduct technological control as well 
as to foster the beneficial atomic energy. The existence of 
such an Development Authority is assumed throughout the 
report; for brevity it will be referred to as the “Authority.” This 
organization would have to be international in scope, enjoying the 
real confidence of all nations and operating under 


uses of 
Atomic 


a satisfactory 
grant of rights from the various states. It is not within the province 
of this report to consider the relations of the Authority to the existing 
organs of the United Nations. The report has to do with the func- 
tions of such an Authority after it is in full operation and is not 
concerned with the transition period during which the Authority 
would be set up and would gradually assume these functions. 
Because of the dual purpose of the Authority, to promote the 
. beneficial uses of atomic energy while preventing its use as a weapon, 
it is natural to use the terms “authorized” and “unauthorized” oper- 
ations. Authorized operations are those which have been made known 
to and permitted by the Authority and which are controlled by it 
through simple registration, licensing and inspection, supervision, or 





*See chapter 2 for definition of “fissionable materials” and discus- 
sion of “denaturing.” 
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management and operation, the form of control depending on the de 
gree of danger inherent in the activity. All other operations in the field 
vt alomic 
are 


energy are regarded as illicit and potentially dangerous and 
termed unauthorized. They will be unknown to the Authority 
until it detects them through one of the many diverse activities sug- 
gested for this purpose. 

For the control of authorized operations and the detection of un- 
authorized operations a logical division of the activities of the Authority 
would be into three groups: 

(1) Strict technological control of dangerous* materials and facili- 

ties so as to ensure their use for peaceful purposes only. 
Such control will include management and operation of dan- 
gerous facilities and custody of dangerous materials. 
Limited technological control of safe materials and facilities. 
This will include the registration, licensing, and inspection 
.of safe facilities and the provision of safe materials under 
appropriate control. 

(3) The detection of undeclared and therefore unauthorized ac- 

tivities which could lead to the production of atomic weapons. 

It is the purpose of later sections of the report to detail by what 
measures and with what estimated success these very different forms 
of activity can be carried on. 

It is certain that future advances in physical science and atomic 
energy technology will require modification of the details and possibly 
the character of control. The Authority must have at its disposal 
means for learning of developments while they are still in progress 
and must never become static. fhe control methods outlined in 
this report must therefore not be regarded as final, but as effective 
measures at the present stage of development only, and as a guide to 
what type of measures may be needed in the future. Accordingly, the 
Authority should be empowered to expand or modify its functions 
to meet new conditions as they arise. 
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CHAPTER 2 
NATURE OF ATOMIC ENERGY ACTIVITIES 


Technological control of atomic energy is rendered difficult by 
the similarity of the operations leading on the one hand to peaceful 
ises and on the other hand to production of atomic bombs. Control 
must take advantage of such differences as do exist in the operations 
leading to the two uses. This chapter describes the materials and 
operations involved in the utilization of atomic energy, with emphasis 
on those features which have a bearing on technological control. 
BRIEF LISTING OF 
EssENTIAL MATERIALS 


MATERIALS AND PROCESSES 


Present knowledge about atomic structure indicates that the num 
ber of isotopes that may be used as practicable sources of nucleai 
energy is very limited. Only one such material is found in nature 
uranium-235. Another, which does not occur naturally, is plutonium 
239, formed from uranium-238 through the absorption of neutrons 
When sufficiently concentrated, these isotopes may be used either for 
atomic bombs or for power generation and other peaceful purposes; 
at low concentrations it is not practicable to use them for bombs 
although they may still be used, perhaps less efficiently, for peaceful 
purposes. A possible third material is 


made from thorium. Uranium-233 is 


uranium-233 which can be 
a material that theoretically at 
least could be utilized either in the controlled operation of atomic 
energy reactors or for the production of bombs. 

The general term “fissionable material” as used in this report applies 
to material containing the isotopes U-235, Pu-239, or U-233 in suffi- 
cient concentration to maintain a self-sustaining nuclear-fission chain 
reaction. 

U-235 is present in natural uranium to the extent of 0.710% 
This concentration is sufficiently high to permit the use of natural 
uranium in the generation of atomic power, but possibly less easily 
than if high concentrations of U-235 were available. Naturally occur- 
ring uranium does not contain a sufficient concentration of U-235 to 
permit its use in bombs. 

Natural uranium is the only known element occurring in nature 
which can be used alone as a starting point for the release of atomic 
energy on the basis of present scientific knowledge. With natural 
uranium, Pu-239 can be synthesized; with natural uranium and 
thorium, U-233 can be synthesized. If the raw materials and all ma 
terials into which they are converted in the several processes leading to 
the release of atomic energy could be completely controlled, the restric- 





“Dangerous” and “safe” activities are distinguished in Chapter 8. 


tion of atomic energy to peaceful uses could be assured 


PRIMARY AND SECONDARY OPERATIONS 

In analyzing the technological control of atomic energy, a useful 
distinction can be made between processes leading to the release of 
atomic energy which are carried out solely with naturally occurring 
fissionable material and those which also make use of enriched or syn 
thesized fissionable materials. 

As indicated above, uranium is the only naturally occurring ele 
ment now known which Any operation 
in which the only fissionable material supplied to the process is U-235 
as it occurs in natural uranium is called a “primary operation”. Ex- 


amples of primary operations are the concentration of U-235 in natural 


contains fissionable material. 


uranium, the generation of atomic power from natural uranium, and 
the manufacture of Pu-239 from natural uranium. 

Any operation which utilizes enriched or 
material is called a 


synthesized fissionable 
The fissionable material 
may have been produced either in a primary operation or in another 


secondary operation. 


“secondary operation.” 


An example is a pile which consumes enriched 
U-235 or Pu-239 and which could be used for power generation or 
for synthesizing Pu-239 from U-238 or U-233 from thorium. Hence, 
both natural thorium natural uranium, as well as enriched ma 
terials, are of significance in secondary operations. 


and 


OUTLINE OF 
In this 


PRIMARY OPERATIONS 

report, primary operations are taken to include those of 
mining, concentrating, and refining uranium ores and preparing ura- 
nium compounds, as well as the separation and production of fission 
able material from natural uranium. Ores containing uranium are 
mined, and the uranium values are concentrated in mills and concen 
trators. 


Uranium concentrates from these operations are converted 


commercial 
compounds are further processed into feed materials for the plutonium- 
producing piles or the U-235 separation plants. The yield of fissionable 
isotopes that can be secured from these primary operations is very 
small. For example, even with recovery, the maximum 
possible yield of U-235 in an isotope separation plant would be only 
0.71%, of the natural uranium fed; of course the actual yield is less 
than this. Control of the large amount of natural uranium needed 
can therefore be an the 


in primary operations 


to commercial uranium compounds in refineries. These 


complete 


effective means of 


preventing 
production of fissionable isotopes 


unauthorized 


OUTLINE OF SECONDARY OPERATIONS 


The possibility of secondary operations on a large scale has not 
However, every effort will probably be made 
to render such operations technically feasible. Although secondary 
operations could be conducted with relatively small amounts of natur- 
al uranium compared to those in primary operations, it is important 


yet been demonstrated. 


that they might require comparatively large investments of enriched 


U-235 or other fissionable material. To prevent diversion to unauthor- 
ized 





uses, very strict control of the fissionable material fed into sec- 
ondary operations is required and equally strict control of any products 
from which fissionable material may be removed. 


MINING AND CONCENTRATING OF URANIUM AND THORIUM 


While the occurrence of uranium is fairly widespread, deposits of 
commercial importance have been operated in only a few localities in 
The proposed use of this element in the peace-time devel- 
opment of atomic energy may change the criteria of commercial im- 
portance so that deposits in many localities will be 


he past 


worked in the 
future. Thorium deposits are much more plentiful than uranium 
deposits. 


GEOLOGICAL OCCURRENCE 


Uranium is not a rare constituent of 


are few worked deposits. 
the 


the earth’s crust, but there 
The main published sources of uranium 
are Belgian Congo and Canada, but uranium in less rich con- 
parts of the earth’s 
Until the discovery of the Canadian deposits, the deposits 
selgian Congo were the main sources of the world’s sipply 
of uranium. The mines of Joachimsthal in Czechoslovakia, made 
famous as the source of the pitchblende from which Madame Curie 
first extracted radium, produce some uranium. Occurrences of thori- - 


um are reported substantially all over the world 


centrations is known to exist in many other 


surface 


in the 


MINING 


Prior to the war pitchblende was mined primarily for the radium 


content, and carnotite, another uranium-bearing ore, was mined pri- 


marily for the vanadium content. With the new demand for uranium, 
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it may quite possibly become the main product in these cases. It is 
probable that the pre-war world production of thorium-bearing ore 
could be increased if a demand for the material were created. 
CONCENTRATING 

Uranium and thorium ores are concentrated prior to chemical 
processing by normal ore dressing techniques. The degree of concen- 
tration effected depends on the initial content of the ore, the distance 
it must be shipped for chemical processing, and the method of trans- 
portation used. 

REFINING OF URANIUM 

Commercial compounds of uranium are produced from pitch- 
blende by successive processes. It is believed that the unaccounted- 
for losses in producing pitchblende concentrate, while small in per- 
centage, are great enough to allow deliberate violators an opportunity 
for diversion in appreciable amounts. 

It is important to realize that, until the radium and uranium have 
been separated, the mixture is radioactive, especially with respect to 
gamma rays. After the uranium is separated from the radium, it is 
less radioactive, giving off only alpha and beta rays. 

While it appears feasible to attempt the rigorous control of re- 
fining operations in which uranium is one of the principal products, 
it would appear to be considerably more difficult to exercise the same 
degree of control over an operation in which the uranium is only a 
by-product of another operation. ‘The full magnitude and importance 
of this phase of the contro! problem will be determined by the types 
of occurrence and the corresponding methods of recovery and will 
change as the methods improve. ‘The accountability problem will 
be greater in such cases, and greater uncertainties as to the ultimate 
disposition of the uranium will exist. 

CONVERSION OF COMMERCIAL URANIUM CoMpPouNDS TO PLANT FEED 
MATERIALS 

It is believed that, under proper conditions of operation, un- 
explained losses in going from commercial uranium compounds to 
plant feed materials will be similar in amount to those met with in 
the concentration processes. 


ISOTOPE SEPARATION OF URANIUM-235 
TYPES OF PROCESSES FOR CONCENTRATING U-235 

The following four processes as well as quite possibly others could 
be used to concentrate U-235: 

(1) Gaseous diffusion process. 

(2) Electromagnetic process. 

(3) Gas centrifuge process. 

(4) Thermal diffusion process. 

These four processes have previously been described by K. D. 
Nichols and J. R. Ruhoff in an article entitled, “Production and Utili- 
zation of Uranium-235 and Plutonium-239,” in Volume I of Scientific 
Information Transmitted to the United Nations Atomic Energy Com- 
mission by the United States Representative, June 14, 1946. 

It is probable that any plant for isotope separation which the 
Authority would undertake to control in the early steps of its ex- 
istence would be of one of these four types. Other processes might 
be developed as a result of further study, and the control of isotope 
separation plants would require restudy if this were the case. 
OPERATING CHARACTERISTICS OF PROCESSES 

The quality and quantity of the product of an isotope separation 
plant may be varied over wide ranges depending upon the plan of 
operation. In some isotope separation processes, there exists the 
possibility of changing the charactefistics of the individual seperating 
elements so as to increase the product concentration at the expense 
of production rate. For other processes, however, there is an upper 
limit in a given plant to the product concentration, which cannot be 
exceeded as long as the plant structure is not changed or enriched 
feed is not used. This upper limit depends on the operating character- 
istics of the elements of the plant and on the number of these elements 
connected in series. If the upper limit to the product concentration 
were below that judged to constitute a military hazard and if the 
product concentration obtained while operating at efficient feed and 
product rates had beneficial applications, the plant would be useful 
for peacetime purposes without being of immediate military value 
after seizure, at least not until enriched feed were available or the 
plant altered. The length of time which would elapse before material 
suitable for bombs could be made in such an isotope separation plant 
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depends on the amount of natural uranium and of enriched U-235 
seized for use as feed, the inventory of uranium required for efficient 
plant operation, and the possibility of rearranging the plant to obtain 
more stages of separating elements in series. This last possibility 
varies greatly from one type of process to another. 

Isotope separation plants might be dispersed in an attempt to 
avoid detection. Because of the parallel connection of elements in 
the electromagnetic, thermal diffusion and centrifuge processes, plants 
of these types could be subdivided into smaller, independently op- 
erated plants. The series connection of elements in the gaseous dif- 
fusion process renders more difficult the subdivision and dispersion 
of a plant of this type because of the complex schedule of large ship- 
ments of material of different concentrations between the subdivided 
plants. 

It is possible to design an isotope separation plant which would 
take so long to reach a concentration of U-235 sufficiently high for 
bombs that its use for producing bomb material would be impractical. 
It is also possible to design a plant in which the amount of U-235 pres. 
ent in sufficient concentration for bombs would be too small to be of 
significance in bomb production; such a plant, if seized, would be of 
little hazard, provided that its supply of feed were cut off at the same 
time. However, the large inventory of uranium in a seized plant 
might be used in a plant of different design to produce bomb material. 
PREVENTION OF DIVERSION FROM ISOTOPE SEPARATION PLANTS 

Isotope separation plants present some unique problems in pre- 
venting the diversion of valuable process materials. The small weight 
of product which is of military significance and the enormous extent 
of the plant make physical prevention of diversion, by inspection of 
all outgoing shipments and policing of the process area, of uncertain 
dependability. This places the principal burden of ensuring the de- 
tection of diversion on material accounting, through accurate weigh- 
ing and analysis of ali materials fed to the plant and removed from it 
and accurate inventories of material in process. However, the re- 
liability of material accounting in U-235 isotope separation plants is 
appreciably lower than in conventional chemical plants. 
mary reasons for this low precision are: 

(1) The relatively inaccurate character of the assay for uranium 

isotopic content. 

(2) The tremendous extent of these plants. 

(3) The presence of undetectable but legitimate losses of uranium 

and U-235 within the process. 


The pri- 


DETECTION OF UNAUTHORIZED IsOTOPE SEPARATION PLANTS 

The detection of unauthorized isotope separation plants is not 
difficult because of their large physical extent, the large staffs needed 
to operate them, the large amount of electric or steam power con- 
sumed by them, and the unique equipment employed in their con- 
struction and operation. Dispersion of the electromagnetic, thermal 
diffusion, or centrifuge plants might be attempted, to reduce the 
likelihood of their detection, but it is not certain that, as far as con- 
cealment is concerned, the reduction in size of these plants would 
offset the increase in their number. 

Once inside the buildings of a suspected plant, one can relatively 
easily tell whether the separation of uranium isotopes by one of the 
four methods mentioned is going on, because of the unique character 
of the equipment and the ready identification of uranium compounds 
in process. There could be no confusion with ordinary peacetime 
installations. However, uranium isotope separation plants do not give 
off any unusual chemical or radioactive wastes nor do they emit read- 
ily detectable radiation. Consequently, it is necessary to have direct 
access to a plant to establish that it is in fact separating uranium 
isotopes. 


NUCLEAR CHAIN REACTORS AND 
PLANTS 


ASSOCIATED CHEMICAL 


NATURE AND FUNCTIONS 


The subject of nuclear chain reactors is by no means as simple as 
that of isotope separation plants. Isotope separation can be carried 
out, for example, by a single continuous process. The production of 
nuclear energy, on the other hand, usually involves at least two quite 
distinct types of operations: first, the chain reaction itself, which 
releases energy and which produces the neutrons capable of causing 
transmutation; and second, the chemical reworking of the highly 


radioactive materials upon their removal from the pile. Such re- 
working may be required simply for the purpose of extracting fis- 
sionable material after it has been produced by transmutation, or to 
maintain operation of the pile. The chemical processes are often 
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complicated and costly but, apart from the need for shielding person 
nei from the high radioactivity, they are parallel to the familiar oper- 
ations of the inorganic chemical industry. The piles, however, are 
different from any existing industrial installations. More attention is 
therefore paid to the piles in the discussion which follows. It is to be 
remembered, however, that a large successful pile will require an 
associated chemical plant of comparable size and cost. For maximum 
convenience this plant will ordinarily be located near the pile, to avoid 
the hazardous transport of highly radioactive material. 


The complexity of the whole problem, enforced by the many tech 
nical alternatives, is further increased by the diverse purposes for 
which chain reacting units may be operated. It will be useful to list 
these here: 

(1) Research in the field of nuclear physics and chemistry. 

(2) Production of radioactive materials and 

quantity for therapeutic and technical use. 


nuclear radiation in 

(3) Production of fissionable material. 

(4) Generation of heat, which may be used industrially or con 
verted to electrical or mechanical 
spoken of as “atomic power.” 


power. This is what is 
It should be pointed out again that any operation of a nuclear chain 
reactor produces radiation (especially neutrons) , radioactive materials, 
and heat. Which function the reactor serves is a matter of determin- 
ing importance in its design, although any reactor may to some extent 
be made to perform all four of the listed functions. Industrially, it is 
likely that (3) and (4) especially will often go together. 
PILES 

As an indication of the various lines likely to be pursued in the 
design and operation of nuclear reactors, it is appropriate to point out 
the features which distinguish them. 


CLASSIFICATION Of 


Scale.—Perhaps the most important distinguishing feature of the 
pile is the scale on which it is to be operated. This does not mean 
the size of the nuclear reactor itself (which depends very little on the 
purpose of the operations, but mainly on the design of the structure) , 
but the scale of the whole plant as an engineering unit. The best 
measure of this scale, which is reflected in physical size, required serv 
ices, and cost, is the rate at which heat is developed, or the power of 
the pile unit. This heat may be allowed to flow out without special 
means of removal, it may be removed and thrown away by a cooling 
system, or it may be converted into electrical or mechanical energy by 
appropriate heat engines and electrical generators. The power de- 
veloped (whether used or noi) is proportional to the rate at which 
fission takes place. Therefore, by stating the power at which a chain 
reactor is operated, its scale and in many respects its functions are 
defined. 


For research purposes, piles generating from only a few kilowatts 
up to a few thousand kilowatts will prove adequate for many years 
to come. Such installations range from laboratory size up to enter 
prises costing a few million dollars. 
cconomic 


They evidently can have little 
importance as producers of power. For ordinary domestic 
consumers in the United States, we may reckon about % kilowatt in 
stalled per capita. Thus, a reactor producing a thousand kilowatts of 
heat, or some 300 kilowatts of electrical power, could serve a small 
town of only 1,000 population. It would be a very large and useful 
installation for research purposes and would be a source of some fis 
sionable material, but it would have negligible value for power pro 
duction. 

The production of radioactive materials and radiation for thera 
peutic purposes or for technicai uses also requires only a modest 
amount of power. A pile which produces heat from fission at the rate 
of a few thousand kilowatts can produce very large amounts of radio- 
active substances. For instance, a properly designed pile at this power 
level could produce an activity of the very useful isotope phosphorus 
32 equal over its short life to the activity of an enormous amount of 
radium. There are few foreseeable demands for radioactive substances 
which could not be met by such a comparatively small plant, which 
again would be of negligible importance as a source of power. 


Economically significant development of power necessitates the 
operation of piles at such levels that important production, from a 
military standpoint, of fissionable material is possible. The amount of 
such material actually produced would depend on the design and 
operation of the pile. Heat would be developed at the rate of hun- 
dreds of thousands or even millions of kilowatts. The practical utili- 


zation of this heat is a technical problem still to be solved. 

Types of Piles—For every scale of developed power, it is possible 
to construct many types of reactors. The engineering features of all 
these pile types will be similar, determined primarily by the chosen 
power level, but the nuclear design and the economics of the mate 
rials supplied will of course be different. Various methods of operation 
are possible. For example, neutrons may be generated in excess of the 
number required to sustain the reaction. Such neutrons could be ab 
sorbed in foreign materials, or could be mainly absorbed in U-238 ot 
in thorium, in which case fissionable material would be produced. 

Features of Design.—Other bases for classifying piles are such design 
features as the way in which fissionable material is charged and with- 
drawn and the amount of fissionable material present in the pile dur- 
ing normal operation. If fissionable material is charged and withdrawn 
periodically, it could be sealed into individually identifiable con- 
tainers which would be inserted into or removed from the pile only 
in the presence of the Authority’s inspectors. All piles contain in their 
structure certain amounts of fissionable material. This is an especially 
important feature from the standpoint of control, since unauthorized 
closing down of the plant provides an immediate source of fissionable 
material, which might in some cases be directly usable in weapons. 
Phe amount of such material present will vary widely with the design 
of the pile and with operating procedure. 

PREVENTION OF DIVERSION FROM PiLes AND AssOCcIATED CHEMICAL PLANTS 

Diversion of fissionable materials from a pile can be hindered by 
security measures designed to prevent theft, by material accounting, 
and by the fact that certain possible types of piles would cease to oper- 
ate if material were diverted. Material accounting can be made very 
strict in piles where feed is charged periodically as slugs or lumps of 
metal into individual channels; the slugs would be counted and 
identified as they enter and leave. The fissionable material in a pile is 
extraordinarily difficult to remove, because it is highly radioactive 
and must be handled by remote control with great care. 

Preventing theft of fissionable materials from the large and ex- 
tensive chemical plant associated with a pile is much more difficult 
than from the relatively compact pile itself. After the slugs have been 
dissolved in the chemical plant, material accounting is less precise. 
However, diversion would be difficult here because of the great radio- 
activity of the material 


At the end of the chemical process, when the 
material has been 


“decontaminated” or freed from radioactive fission 
products and concentrated in relatively small volume, there is the 
greatest danger of diversion from its authorized uses. Here the pre- 
cision of material accounting can be raised somewhat. 

The strictness of control required in a pile will depend upon the 
amount of fissionable material in the pile and the source of the fission- 
able feed material needed to maintain the reaction. If the Authority 
supplied all feed material, the stopping of operations after a very short 
time would be possible by shutting off the feed supply. More effective 
control of feed material would be possible if the chemical plant were 
operated separately from the pile. Fuel would then be supplied to the 
pile and after use in the pile would be returned to a chemical plant 
for reworking. 


ATOMIC BOMBS 

Atomic bombs have provided, up to the present, the principal jus- 
tification for national support of the development of atomic energy. 
Their incredible destructive power has been widely described. At 
present, no peaceful economic use of the very violent explosion itself 
is known. It is probable that the atomic bomb can be used only for 
destruction. Therefore, the manufacture of atomic 
prohibited under the terms of the treaty. 

The cost of the development of the atomic bomb itself was small 
compared with the cost of the production plants required to furnish 
the fissionable material. Qualitatively, the operation of producing the 
atomic bomb was unique. A considerable fraction of the man-years of 
special research required by the entire project was devoted to the pro- 
gram. The quality and variety of the personnel were most unusual. 
It is, of course, true that much less research would be needed to re- 
peat the effort if atomic weapon design became common knowledge. 
One of the necessary measures for the detection of bomb production 
or development would be to obtain information on the activities of 
scientific and technical personnel. The best control measures for the 
prevention of bomb manufacture are not those directed against bomb 
manufacture itself, but those intended to prevent the accumulation 
by any means of the essential fissionable materials. 


bombs should be 





21 








DENATURING*® 


All atomic explosives are based on the raw materials uranium and 
thorium. In every case the usefulness of the material as an atomic 
explosive depends to some extent on different properties than those 
which determine its usefulness for peacetime application. The exist- 
ence of these differences makes denaturing possible. In every case 
denaturing is accomplished by adding to the explosive an isotope, 
which has the same chemical properties. These isotopes cannot be 
separated by ordinary chemical means. The separation requires plants 
of the same general type as our plants at Oak Ridge, though not of 
the same magnitude. The construction of such plants and the use of 
such plants to process enough material for a significant number of 
atomic bombs would probably require not less than one nor more 
than three years. Even if such plants are in existence and ready to 
operate some months must elapse before bomb production is signifi- 
cant. But unless there is reasonable assurance that such plants do not 
exist it would be unwise to rely on denaturing to ensure an interval 
of as much as a year. 

For the various atomic explosives the denaturant has a different 
effect on the explosive properties of the materials. In some cases de- 
naturing will not completely preclude making atomic weapons, but 
will reduce their effectiveness by a large factor. The effect of the de- 
naturant is also different in the peaceful application of the materials. 
Further technical information will be required, as will also a much 
more complete experience of the peacetime uses of atomic energy and 
its economics, before precise estimates of the value of denaturing can 
be formulated. Denaturing, though valuable in adding to the flexibil- 
ity of a system of controls, cannot of itself eliminate the dangers of 
atomic warfare. 


CHAPTER 3 
DANGEROUS AND SAFE ACTIVITIES 

The extent of control which the Authority would have to exercise 
over the various activities in the atomic energy field will depend upon 
the degree to which the particular activity could be used for un- 
authorized production of atomic bombs. For purposes of this report, 
activities will be described as “dangerous” and “safe.” The atomic 
energy field will be construed to include all activities making use of 
uranium, thorium, fissionable materials, and certain radioactive 
topes produced in a pile. 

DANGEROUS ACTIVITIES 

It is not easy to make a clean-cut distinction between safe and 
dangerous activities. Any definition may be short lived since it will 
be predicated on the status of science and the development of processes 
as now known. In the future, new determinations and definitions will 
undoubtedly be required, and the Authority should be empowered 
to make these changes as they become necessary. However, an attempt 
to make a distinction between the safe and the dangerous can be use- 
ful without being completely sharp or fixed for all time. 

Activities from which it would be possible to divert militarily signi- 
ficant amounts of fissionable material at any stage of processing from 
mine to bomb are considered to be dangerous. Certain other activities 
not involving large amounts of fissionable material are also considered 
dangerous if deemed primarily useful for the development and manu- 
facture of atomic weapons. Dangerous activities should in every case 
be under complete control by the Authority and, with certain possible 
exceptions, should be managed and operated by the Authority. 

At present the following activities are considered dangerous: 

(1) The mining of uranium and thorium. (The type of control 

will depend on the character of the deposits.) 

(2) The concentrating and refining of uranium or thorium ores 
or compounds, or of materials containing appreciable quanti- 
ties of uranium or thorium as by-products. 

(3) The production of chemical compounds of uranium and tho- 
rium, 

(4) The storage and distribution of uranium and thorium in any 
form. 


iso- 


(5) Construction and operation of plants for separation of the 
isotopes of any element, if capable, when fed with natural 
uranium, of producing significant amounts of uranium en- 
riched in U-235. 

(6) Construction and operation of all piles capable of producing 
significant amounts of fissionabie material. 


*This section is taken from a Press Release of the Department of State, dated 
April 9, 1946. 
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(7) Construction and operation of chemical plants for the separa- 

tion of pile products of a nature such as plutonium. 

(8) Research on atomic weapons. 

A key step in the control of dangerous activities is the control of 
mining, concentrating and refining of uranium and thorium bearing 
materials. The Authority must make a determination of the per- 
centage of uranium or thorium content of raw material (i.e., the grade) 
below which complete control of the mines by the Authority is not 
warranted. This determination is particularly important in the case 
of mines which produce these materials as by-products, and would be 
influenced by the rate of production of the particular mines in qucs- 
tion. 

The construction and operation of isotope separation plants capable 
of producing a significant amount of U-235 in significant concentra- 
tion is dangerous, because such material might be diverted for use in 
bombs. For such plants, the input of material is very large compared 
with the output and the possibilities of diversion are serious. A plant 
producing material of concentration less than that required for bombs 
is still dangerous if, in the event of seizure, the product of such a 
plant could be reprocessed to make bomb material. 

The construction or operation of piles capable of producing signif- 
icant amounts of fissionabie material is dangerous because the material 
produced, after going through a chemical process, might be used in 
bombs. If the Authority furnishes feed materials for power piles, it 
may have to have large production piles with large inventories of 
material in process at all times. If nations were permitted to operate 
this type of pile, it would be possible over a period of time to divert 
significant quantities of material. Moreover, these piles would furnish 
a ready supply of bomb material if seized by any nation. If both a 
large pile and associated chemical plant were seized at the same time, 
together with normal supplies of materials at each plant, the nation 
making the seizure could soon have significant quantities of bomb 
material on hand. 

The operation of chemical plants for the separation of fissionable 
material and fission products is listed as a dangerous activity due to 
the inventories in process at all times and the extreme difficulty of 
accounting for all the material. The processes involved are complex, 
with a great deal of piping of material from one place to another. 
Diversion of material in the last stages would be relatively easy if the 
plants were not operated by the Authority. 

Manufacture of atomic bombs should be prohibited under the 
terms of the treaty, but the Authority would need to have complete 
inturmation about the possibilities of bomb production. The main- 
tenance of laboratories for research on this subject is clearly a danger- 
ous activity and should only be undertaken by the Authority itself. 

It can be seen from the foregoing examples that grave responsibil- 
ity would be placed on the Authority for effective control of fission- 
able materials and facilities for their production, from the mine to 
final use. The Authority may not be able to prevent seizure of plants 
and stocks of fissionable material, but it should plan to minimize the 
military advantage to be gained by seizure. Careful scheduling, limited 
storage, and wide dispersion of plants and materials in many countries 
will be required. 

Consideration should be given to certain activities which may well 
be too dangerous to be operated even by the Authority if reasonable 
security against surprise attack and reasonable delay between seizure 
of installations and bomb attack are to be assured. Manufacture of 
bombs is considered to be in this category. Other specific activities or 
combinations of activities should also be considered to determine 
whether they are too dangerous and should consequently be prohibited. 


SAFE ACTIVITIES 


Examples of safe activities are the use and production of fissionable 
materials in such small quantities as to insignificant for the production 
of bombs, the production of radioactive isotopes in specially designed 
piles, the use of radioactive isotopes, and research not concerned with 
bomb production. These activities must be licensed and inspected by 
the Authority. 

One of the safest activities is the application of radioactive isotopes 
as tracers in scientific, medical, and technical studies. There may well 
be great advances in this field and there appears to be no reason for 
limiting this work. 

It is easy to design small reactors for research purposes, which use 
denatured U-235 or piutonium as fuel. The design and inspection of 
these reactors should be the responsibility of the Authority. The re- 
actors should be designed for operation at a power level so low as to 
be incapable of producing fissionable material in quantities of military 
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significance. Such a reactor could be safe and still provide neutron 
sources of great intensity. The material required in any one of these 
reactors would be of such small quantity and low quality as not to 
be significant for bomb production. However, some danger would 
attach to these reactors if they existed in large numbers. 

An activity on the borderline of safe and dangerous is the high 
power level pile for the development of power for commercial use. 
Such a pile can be designed to use natural uranium, denatured U-235, 
or denatured plutonium as fuel, which would be consumed in the oper- 
ation of the pile. In order to utilize the material contained in the pile 
for bomb purposes, it would be necessary to remove the material, de- 
contaminate the fissionable material of any radioactive fission products, 
separate it from the denaturant. With large piles, the 
amounts of fissionable material in the feed, in the reactor itself, and in 
Authoii 
ousibility for proper design and construction of such piles. More- 


and power 


the used materials would be large. ‘Lhe should have the 


over, at the very least, close supervision by the Authority over theit 
operation would be required to prevent diversion or improper opera 
tion. The degree of danger would of course depend on the number of 
such piles. 
SUMMARY 
Effective control 
the nations of the world are to have any real degree of 


of all atomic energy activities will be required if 
assurance 
against sudden atomic bomb attack. The processes are new and com- 
plex, and accurate inventories are difficult. Small diversion of fission 
able materials in the last stages of production over a long period of 
time could be disastrous. Relatively small diversions anywhere along 
the line from mine to final product would be very dangerous if car 
ried out over a long period of time. The longer the processes are in 
operation, the more alert the Authority will have to be to detect diver 
In the beginning the overall knowledge and know-how will be 


SIONS. 


d, but after a few years knowledge in this field will become wide- 
Ihe possibility of successful evasion of controls by a de- 


Authority 


limit 
ly diffused. 


nation will then become unless the 


constantly reexamines methods of control, stays in the lead of scientific 


termined greater 
knowledge and process development, and has been given and exercises 
sufficient power to breaden the scope of its activities to meet changing 
conditions. 
CHAPTER 4 
CONTROL OF DANGEROUS ACTIVITIES 
INTRODUCTION 


There are several considerations which point to the necessity in gen 
eral for management and operation of dangerous activities by the Auth 
ority. 

The primary reason for permitting dangerous activities at all is to 
develop those material benefits of atomic energy which could not be 


secured without those activities. Unless such dangerous activities are 
authorized auspices, the incentive to derive those 
Most of the 
activities leading to peaceful uses of atomic energy can also lead to 


by an effective 


permitted under 
benefits by unauthorized means might well be irresistible. 
inilitary these activities are carried on 
international organization can there be assurance that these activities 
are intended for peaceful purposes 

Another important reason for placing dangerous activities directly 
under the Authority is that the measures req: for adequate control 
of the facilities involved are, in many cases, identical with the measures 


normally associated with sound management and operation of these fa- 


uses; only if 


ile 


cilities. Included, for example, are accounting for essential materials, 
taking .of inventories, checking and improving analytical and assaying 
methods, establishing proper sampling procedures, controlling exposure 
time for uranium in piles, and calibrating and improving pile instru- 
ments. The reduction of unaccounted losses in isotope separation plants 
and the determination of the cause of changes in such losses are no 
less a part of efficient operation than a means of preventing diversion 
of fissionable materials. 
in the constructive work of the Authority in promoting the bene 

ficial through the operation of dangerous 
facilities, the Authority would be placed in intimate contact with the 
technical personnel in the scientific and industrial establishments of 
nations in which the dangerous facilities are located. This intimate 
contact would aid greatly in the detection of unauthorized undertak- 
Also, by giving the Authority the right to conduct dangerous 
operations, we could insure that the Authority would achieve a 
preeminent position in regard to atomic energy technology. Its per- 
sonnel would be better informed and better trained in the use of fis- 
sionalie materials for any purpose than the personnel of individual 


uses of atomic energy 


ings. 


nations. This preeminence would aid the Authority in anticipating 
technical methods of evading control and in de termining how best 
to organize its det on a 1iic 

Control of danver activilies will have two principal aspects 
control of essential materi: and control of d yerous Operations, 
DISTRIBUTION AND STORAGE OF ESSENTIAL MATERIALS 

Control of essential materials will i form primarily of 
control over the distributio mid stora of raw materials containing 


uranium or thorium and of fissionable materials obtained therefrom. 


It is necessary that the Au rity contro! all uranium and thorium 
from the time it leaves tl mine to final impion. Rigid control 
of these materia is a iep in the suc ful and safe operation 
of the whole atomic enc program 
LOCATIO OF ST 

As one important maiterial-control mez e, t Authority should 
design and locate its storage and production facilities in such a way 
that the stocks of raw m; i} and fission ‘ naterial on hand in 
each are as lew as is consistent with eflicient operation and that the 
stocks al dispersed a y as possible. Obviously, mining of ura 
nium and thorium must be conducted where ore deposits are found, 
but stock pile ware vu proces ry for ra materials 
and fissionable materia | | be so ated that no one nation 
could derive a prepondera nilitary advat irom the seizure of 
supplies of materi I avaliable 
SCHEDULING OF MATERIAI 

The militar value of nateria i fissionable materials in 
creases with each stc} P i ni to « nsumption, 
The more highly refi the iaterial, e€ more important it is to 
ke p down the amou material ind at anv one time A 
second important materi rol meas hould be exercised 
by the Authority is reful schedulit d coordination of all of 
its enterprises to produce refined fissionable material only as fast 
as it is consumed, thus kee at a minimum the interplant stocks 
of idle fissionable material, ricl ould ¢ ite a potential military 
hazard 
GUARDING MATERIALS 

A third imps nt m rial-control measure would be to provide 
adequate guards to discourage and to detect diversion of raw materials 
and fissionable materials from warehous« producing facilities, and 
shipments in transit. This | requirement means that guards of the 
\uthority must be able to travel th all shipmer f these materials 
After the materials have been enriched in I » or Pu-259, they should 
be guarded with re i I than tu t 1 stones. If the 
material is so enriched that it could read onverted to bomb 
it must be stored in extremely well protected vaults 
MATERIAL Accou? 

A fourth material-control measure would be 1 ible accounting 
for raw materials and f ble materia it all stages of processing 
and transfer from the mine to final use. The Authority must main- 
tain accurate re rds ¢ yu hoilitx for 1 el ipments and all 
operations involvin | r material terial } omes pro 
vressively more concentrate uranium or tl im o1 progressively 
more enriched in U-235 « Pu-239, the reliability required of the 
material accounting bec progressive it The Authority 
must weigh, sample and at ze materials at all stages of the process 
from mining to consumption In order that 1 oups may be kept 
alert and that confidence may be had concerning th lep lability 
of the material accounting system, it is desirable that the personnel 
resp nsible for accou " cd analysis at i plant work inde 
pendently of the other operating personnel All personnel, however, 
should be directly responsible to the Authority 
CONTROL OF DANGEROUS FACILITIES IN GENERAI 





The ensuing pages are devoted to a discussion of the more involved 
subject of the control of dangerous produc ' facilities. In this sec 
ion control measures generally applicable t ill types dangerous 
facilitic ire taken up. In later sections of this chapter, detailed 
methods of control for individual facilities are considered. It will be 
apparent from the discussion that control can best be secured by 


actual operation and management of most of these facilities. 


LOCATION AND CAPACITY 





Subject to general principles set forth in the treaty, the Authority 
must be able to specify the location and capacity of all dangerous 
facilities. This is necessary, in part, to prevent any of its plants from 
being located where control may be difficult. The main reason for 
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this requirement is, however, that producing facilities should be 
distributed 


ii such a way that seizure of the facilities within any one 
country or group of countries would not give the aggressor a significant 
military advantage over other countries. 

PROCESS DESIGN OF PLANTS 

The Authority must specify the types of processes to be used in 
all dangerous plants and the concentration and quantities of enriched 
materials to be handled in them. This is required to insure that 
the processes to be operated will be amenable to control. For example, 
the Authority should be able to limit the number of stages and 
other features of design in a gaseous diffusion process to those which 
could not under any practicable set of circumstances produce unde- 
natured material suitable for direct use in bombs. 

STRUCTURAL DESIGN AND INSPECTION OF CONSTRUCTION 

Full control by the Authority over the structural design of pro- 
posed facilities is equally as important as control over process design. 
The structural design of these facilities should be such that they can 
be controlled to discover diversion. For instance, it should not be 
possible for hidden channels to be buili into the plant, through which 
material might readily be diverted without detection. As another ex- 
ample, the charging face of a pile should be so designed that it can 
be readily kept under continuous observation and that any attempt to 
remove fissionable material can be immediately detected. Proper struc- 
tural design alone facilitates material accounting by reducing the num- 
ber of places at which samples need to be withdrawn while taking 
inventory. Control of structural design will also insure that the in- 
ventory of fissionable material in process may be so controlled as to 
amount, concentration, and distribution as to give the least possible 
advantage to a nation seizing a plant. 

Specification of structural design by the Authority is of no value 
unless it is followed by inspection of construction at all stages, to 
insure that the approved design has in fact been followed. Repre- 
sentatives of the Authority 
construction and be 


must therefore supervise all stages of 
able to delay subsequent stages until satisfied 
that prior construction has been in accordance with the approved 
drawings. 
PREPARATION OF OPERATING SCHEDULES 

In order to control the total amount of essential material on hand 
at different degrees of concentration, the Authority must set operating 
schedules for all plants handling raw materials or fissionable mate- 
rials. It must start with an estimate of the expected consumption 
during a given period and so adjust the production schedules of all 
its facilities that no shortages or excesses of partially refined materials 
can develop. 
GATE CONTROL 

At mines and other producing facilities, the Authority must pro 
vide adequate inspection of all persons and shipments leaving the 
producing area, to prevent undetected movement of essential mate- 
rials from the area. Gate control of this type is particularly effective 
in the case of radioactive materials and in the case of relatively unre- 
fined materials where comparatively large amounts must be moved 
to be of military value. Detection of diversion of radioactive materials 
is more likely to be effective at piles and associated chemical plants 
and, possibly, at mines and ore concentrating plants, than at plants 
handling refined uranium or thorium, which are only weakly radio- 
active. 
CONTROL OF PROCESS AREA 

The Authority must also guard the portions of the facilities in 
which significant amounts of fissionable material are handled. For 
instance, it should provide continuous surveillance of those stages 
of a gaseous diffusion plant in which U-235, enriched to a significant 
degree, is treated. Similarly, for a chemical plant associated with a 
pile, the portion of the plant in which the valuable material has been 
largely freed of telltale radioactive contaminants should be heavily 
and continuously guarded. 
MATERIAL ACCOUNTING 

Material accounting is one of the most useful means of detecting 
diversion from certain types of producing facilities. Through mate- 
rial accounting a measurement can be made of the amount of material 
which has apparently disappeared from a particular producing facility 
during a particular period. 

To account for fissionable material, the weight of all substances 
which are charged to or withdrawn from the facility during the 
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period is determined and representative samples of these maierials 
ue analyzed for the content of fissionable isotopes. At the beginning 
and end of the period, an inventory is taken of materials in process 
and of their content of fissionable isotopes. From these measurements 
the net disappearance of fissionable matcrial can be evaluated. 

To carry out such material accounting the Authority would re- 
quire a competent technical staff with facilities for analyzing fissionable 
materials and checking scales and other instruments and with access 
to all parts of producing facilities at any 
shipments or take samples. 


time in order to note 

As has been pointed out, the reliability of material accounting 
and its suitability for detecting diversion differs greatly for the differ- 
ent types of facilities. For instance, it is of relatively little value in 
mines since it is almost impossible to take a sufficiently accurate in- 
ventory of ore reserves. On the other hand, in certain compact chemi- 
cal processing Operations, a very high degree of reliability can be 
placed on material accounting. 

One limitation of material should be noted. It is 
able to establish only that a certain amount of material is missing. 
It does not detect diversion at 
tell, by what 
since 


accounting 


the instant of occurrence nor dees it 


' 


means loss or diversion has taken place. Moreover, 


material accounting makes use cf physical measurements, its 


reliability is limited by the precision to which these measurements 
can be made. For each type of productive operation, there is a 
percentage of the product rate within 


is not sufficiently precise to establish t 


Which material accounting 


iat diversion has not occurred. 


ACCESS TO PRODUCING FACILITIES 

Although complete access to producing facilities has been assumed 
in the preceding discussion, it is so important that it may be restated. 
In all dangerous activities, the Authority must have immediate access 
to all parts of the facility and to all records relating to its construc- 
tion aud operation and must be abie to consult freely with all oper- 
ating personnel. 

CONCLUSION - 

From the foregoing discussion of the control measures which the 
\uthority must institute at dangerous facilities, it is evident that in 
exercising these control functions it must carry out a large part of 
the normal functions of the manager and operator of the facilities. It 
is essential that the control be constructive as well as effective. In most 
cases, it would therefore be necessary for the Authority itself to operate 
dangerous facilities as a whole. 

MINING AND, CONCENTRATING OF URANIUM AND THORIUM 

The unique role of uranium in the release of atomic energy has 


een stated. Control of the mining of uranium is clearly important. 
\ny uranium ore which might be diverted 
sequently processed in illegal ore 


at the mine must be sub- 
concentrating plants, illegal chemical 
plants, and illegal piles or isotope separation plants before it is con- 
verted into material which can be atomic bombs. 
Each of thes il operations provides an additional 
opportunity for detection. However, control at the mine is one of the 
most effective steps in helping to prevent the undetected manufacture 
of atomic bombs. 

Prevention of 


used directly in 





subsequent illeg 





diversion from known mines where uranium is 


the important constituent of the ore should not be a very compli 
cated task. Most of the ore near the surface contains uranium at 
concentrations so low that diversion of significant amounts of uranium 
reguires the handling of large and readily 


ore. 


detectable amounts of 
Mining of deeper ore bodies implies a limited number of exits, 
which can be readily found and checked. In cases where uranium 
is a by-product of a mining operation, the problem is more difficult. 

Thorium is less important than uranium in the early stages of 
development of atomic energy. Ii difficult 
However, since 
the general methods of control are similar, thorium will be included 
with uranium in the following discussion. 


will be somewhat more 
to control thorium deposits than uranium mines. 


MINE BOUNDARIES 

The principal problem which arises in the control of uranium and 
thorium mining is the delineation of the mining area which should 
be controlled by the Authority. Productive mines commonly occur 
in regions containing other structures which are geologically similar 
but are too lean in mincral values to warrant economical operation. 
‘These relatively lezn deposits might, however, be worked surrepti- 
tiously as a source of uranium or thorium for unauthorized activities. 
Accordingly, when a region is known to contain deposits of uranium 
or thorium, it will be important for the Authority to make a geological 
and mineralogical survey which is sufficiently extensive to assure that 














all si 
been 
are § 
suffic 
mini: 
diver 
AUTI 
li 
thori 
set f 
be d 
veloy 
locat 
the 
locat 
prop 
the « 
tion, 
cont 
taini 
mine 
of o 
ensu 
F 
part 
head 
regic 
with 
obvi 
MILI 
C 
and 
diffe 
be c 
are 
been 
E 
resp 
recei 
trol 
abili 
rials 
acco 
weig 
to 5 
dow 
estal 
U-2: 
a 
acte 
thei 
only 
mig 
mat 
the 
that 
the 
( 
of 
effe 
avai 
rial 
amc 
thes 


whi 
take 
con: 
so t 
con: 


whi 
plat 
con 
and 
mat 





he 
in 


It 
ost 
ate 


JM 

has 
nt. 
ub- 
ical 
on- 
ibs. 
nal 
the 
ure 


is 
pli 

at 
um 

of 
cits, 
ium 
it. 
; of 
cult 
ince 
ded 


and 
ould 
ccur 
iilar 
tion. 
epti- 
ities. 
ium 
gical 
that 




















all significant deposits of uranium or thorium in that region have 
been located. The Authority must then decide which of the deposits 
are sufficiently rich to warrant placing under control and which are 
sufficiently lean so that only an occasional check, to establish that 
mining operations are not being conducted, is adequate to prevent 
diversion. 

AUTHORIZED MINES 

In locations containing relatively rich deposits of uranium o1 
thorium, the Authority should be empowered, subject to principles 
set forth in the treaty, to decide which part of these deposits is to 
be developed for mining and which part should be held as an unde- 
veloped operating reserve. The Authority should be able to specify the 
location of shafts and adits and the conditions of operation, including 
the rate of operation in some instances. Control of such developed 
locations would have as its primary objectives the assurance that the 
proper ore bodies are being mined at the specified rate and that all 
the ore mined is being delivered to the concentrating mill. In addi 
tion, the Authority must systematically guard undeveloped locations 
containing rich deposits and must occasionally check the regions con- 
taining leaner deposits, to insure that these regions are not being 
mined. When uranium or thorium can be obtained as by-products 
of other mining operations, appropriate measures must be taken to 
ensure the control of all uranium or thorium produced. 

For its control measures, the Authority will require continuous 
participation in the operations at developed mines, and an inspection 
headquarters and assay and instrument laboratory in each producing 
region. Estimation of the amount of material which could be diverted 
without detection in the presence of a well organized control force 
obviously depends on the efficiency and the alertness of that’ force. 
MILLS AND REFINERIES 

Control of plant operations comprising concentration, purification, 
and conversion of uranium and thorium to salt or metal is somewhat 
different from control of mines, in that each of these operations may 
be conducted in a small, guarded area. As concentration operations 
are invariably closely associated with mining operations, they have 
been broadly covered already. 

Each of these operations falls into a single broad pattern with 
respect to control. This pattern includes an accurate accounting of 
receipt of all uranium or thorium containing materials, a strict con- 
trol and inventory of all in-process materials, accurate account- 
ability of shipments of all uranium or thorium containing mate- 
rials, and a rigid exit-inspection system. The general limitation of 
accountability resulting from the existence of tailings, waste liquors, 
weighing inaccuracies, and the like, may vary somewhat from plant 
to plant, but the possibility of diversion can, in each case, be kept 
down. Careful study of the problem by the Authority will lead to the 
establishment of satisfactory standards. 

U-235 ISOTOPE SEPARATION PLANTS 

The Authority should be empowered to decide in detail the char 
acteristics of plants for the isotope separation of U-235, including 
their capacity and the degree of separation. This is necessary not 
only because of the danger of diversion but because such plants 
might be used to remove the denaturant from denatured fissionabl 
materials. Thus, if denaturing is to provide any temporary security in 
the event of seizure of stockpiles of fissionable material, it is necessary 
that isotope separation plants be restricted as to capacity and as to 
the increase in concentration which they make possible. 

Control of isotope separation plants would have the objectives 
of (1) establishing that such plants as are authorized cannot be: 
effectively used in conjunction with stocks of denatured material 
available for potential seizure to produce significant amounts of mate 
rial suitable for bombs, and (2) preventing diversion of significant 
amounts of fissionable material during the long-time operation of 
these plants. 

For each type of isotope separation plant there is a limit within 
which even the strictest control cannot assure that diversion cannot 
take place undetected. The Authority should estimate this limit and 
construct only those plants whose aggregate capacity is low enough 
so that if the maximum undetected diversion did occur it would not 
constitute a military hazard. 

The control measures generally applicable to dangerous activities 
which were listed above are al! applicable to isotope separation 
plants and need not be repeated here. Since the activities of this 
control include many of the activities necessary for plant operation 
and since the control must be carried out in a very strict and effective 
manner, isotope separation plants for the production of fissionable 


material should be fully managed and operated by the Authority. 
DANGEROUS PILES 
-From Chapter 2 it should be apparent t) 


there are many possible 


scales and types of piles. Installations may be built to operate at any 
power level. It is likely that they would be held to be dangerous if 
operable at levels which would involve the presence o1 production 
of significant quantities of fissionable material. Below such levels, 
measures Of control would still be necessary to prevent long-time 
violations or rebuilding of the installation, but such small plants 
would not require operation by the Authority. Larger plants, however, 
can represent a real military hazard. 

In order to control a dangerous pile, the Authority must first 
make decisions regarding its general characteristics. A determination 
must be made of the type of pile, including the fuel consumed (natural 


the original investment of fissionable material, 
the operating schedule (which determines the amount of fissionable 
material present) , and the design and kk 
cal plants. Since such dangerous fac 


or enriched materia 


ation of the associated chemi- 








Ss are potential sources of 
atomic bomb material, the scale, location, and type f the plant 
must be chosen in such a way as to minimize the utility and invulnera- 
bility of the plant in case of seizure. For example, 
large initial investment of fissionable mate: 


rial in 


plants with a 
itable concentration 
for bombs would be more dangerous than those in which such a 
store was not present. 

Only by making such decisions itself can Authority be satisfied 
with the final design of the plant. More than that, the Authority 
must approve the overall design in detail, to insure that the specifi- 
cations decided upon are in fact met. It must supervise construction 
to see that the design is actually followed. Finally, it must operate 
the pile to assure that no misuse is made of it 

Especially important is the insertion of materials in the pile and 
their removal from the pile. By careful and independent measurement 
of the total power as it varies with the time, together with full design 
data and information from experimental calibrating runs on the indi- 
vidual pile installation, it is possible to predict the maximum yield 
of fissionable material. When this is checked against the product 
delivered, any diversion should show up. But such a check demands 
continuous and intimate knowledge of the power level, shut-down 
times, and operating schedule, as well as the position and amount 
of all materials inserted and removed. All the requirements demand 
a resident control staff with such duties as these: 


(1) To account for all fuel materials and fissionable products 
during fabrication, irradiation, storage, and chemical process- 
ing. 

(2) To supervise all loading and unloading operations and to 
measure pile power levels and times of irradiation. 


(3) To make periodic detailed surveys of all metering and record- 
ing equipment and all processing installations to guard against 
unauthorized changes. 


(4) To determine the contamination of personnel, 


around the plant. Such 


bility of detecting any 


equipment 
and the general area within and 


knowledge enhances the possi diversion 


by making possible the detection of stray radioactivity from 
unauthorized handling of the active materials. 
It is estimated that such measures would require a resident con 


trol staff of at least fifty technical employees for a sizable plant. 
Complete freedom within the plant and intimate knowledge of its 
operation and construction are necessary. Most of the duties of control 
are the same as the duties required for the successful operation of 
the plant. It is therefore essential that the operation of dangerous 
piles be in fact carried out by the Authority itself. 
CHEMICAL PLANTS ASSOCIATED WITH PILES 

As discussed in Chapter 2, the operation of a pile demands the 


operation of an associated chemical plant. | 


Convenient handling of 
the radioactive materials would imply close physical proximity of 
the two related plants, but this may not be desirable from the stand- 
point of control. All chemical plants associated with piles are dan- 
gerous and should be operated by the Authority. If this were done, 
the piles themselves might be considered less dangerous in certain 
cases (see Chapter 5.) 

Control of chemical separation plants would be effected by the 
general control measures outlined above. The following particular 
aspects of control in these plants are noted. The material charged 
to these plants will usually be intensely radioactive and so hetero 
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geneous that reliable sampling and analysis will not be possible. 
fo prevent diversion, it would therefore be necessary to insure that 
all fissionable material brought to a chemical separation plant was in 
fact dissolved and converted to a form in which reliable sampling 
and analysis could be conducted 


Diversion, would be more difficult 
at this stage because of the intense radioactivity of the material. After 
the fissionable materials were brought into solution, the standard 
methods of material accounting would be employed for detection of 
diversion. 

Because of the 
it is often necessary 


intense radioactivity of the materials in 
to hold them to allow the radiactivity to decay. 
Nevertheless, operations in a chemical separation plant should be 
conducted with a minimum delay in the processing of materials in 
order to reduce the amount of fissionable material on hand. 
RESEARCH ON ATOMIC WEAPONS 

The production of atomic bombs should be prohibited under the 
terms of the treaty. However, the Authority 


p! ocess, 


would need to know 
the techniques and basis of bomb production in order to conduct 
proper denaturing and to understand fully the dangers of diversion 
and seizure of plants. Wholly new developments in weapons manu- 
facture are by no means to be excluded, and the Authority must be 
better informed on all possibilities than any individual nation. 
Such research is clearly dangerous and should be carried on only by 
the Authority in central 


afford a 


laboratories so stafled and so located as to 
minimum of advantage to any 


nations in the event of 


single nation or group of 
seizure. 
CHAPTER 5 
CONTROL OF SAFE ACTIVITIES 
INTRODUCTION 
Four principal types of 
will need to exercise 


“safe” activity over which the Authority 


some degrce of control are: 

(1) Research in the atomic energy field, excluding atomic explo- 
sives. 

(2) Production of small quantities of fissionable materials. 

(3) Production of radioactive isotopes. 

(4) Large-scale 
energy 


generation in atomic 
borderline between 
and dangerous activities and require special controls.) 

It is felt that the management and operation of these activities 
may be entrusted to nations or individuals without danger of diver- 
sion of militarily significant amounts of fissionable material or with- 
out their constituting a serious hazard in the event of seizure, pro- 
vided sufficient but limited control over them is exercised by the 
Authority. As will be noted in the following discussion, the frequency 
with which safe activities need to be inspected by the Authority and 
the degree of contro} which the 


power 
reactors. 


specially 
(These are on the 


designed 


safe 


Authority must exercise over their 
operation depends primarily on the amount of 
on hand ir safe installations and the rate at 
rial is fed to them and produced by them. 
ATOMIC ENERGY RESEARCH 

The activity in which the smallest amounts of fissionable material 
will probably be required and which may 
intensively controlled by the 
of fissionable 


material 
which fissionable mate 


fissionable 


therefore be the least 


Authority is research makes use 
Examples of this type of activity are ex- 


periments on neutron absorption cross-sections and other physical 


which 
materials. 
and chemical properties of fissionable isotopes and the construction 
and operation of small nuclear reactors for experimental purposes. 
The construction and operation of smal] isotope separation units 
might be permitted for the preparation Of pure isotopes of various 
non-fissionable elements for nuclear research, provided that these 
units could not be used for separation of significant amounts of U-235. 

Control measures deemed necessary for atomic energy research of 
the types illustrated above are as follows: 

(1) Registration and licensing by the Authority of all laboratories 

wishing to engage in such research. 

(2) Strict accounting by such laboratories to the Authority for all 

fissionable material produced or consumed in their operations. 
Submission of periodic reports by such laboratories to the 
Authority on their activities. 
Frequent visits by the Authority's staff to such laboratories in 
order to inquire at first hand concerning the research being 
conducted there. Representatives of the Authority must have 
complete freedom of access to these laboratories and to their 
records. 


(3 


— 


(4 


~~ 
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In authorizing laboratories to conduct research on atomic energy 
and in making fissionable materials available to them, the Authority 
should have the same considerations in mind regarding the dispersion 
of facilities and the limitation on the amount of fissionable material 
available in any one country as have 
with dangerous activities. 
PRODUCTION OF SMALL 
MATERIALS 

Laboratory production of small amounts of fissionable materials 
may be safely left to national or individual operation, provided the 
same control 


been discussed in connection 


QUANTITIES OF FISSIONABLE 


measures are instituted 
energy 


as have been recommended for 
Authority must limit the fissionable 
materials produced in this way in any one country so that their amount 
will be too small to constitute a military hazard. 
PRODUCTION OF RADIOACTIVE ISOTOPES 

One of the most valuable practical consequences of the develop- 
ment of atomic energy is the ability to make relatively large amounts 
of radioactive isotopes of nearly all the elements. 
in nuclear 


atomic research. The 


These can be made 
reactors containing only a small amount of denatured 
material and using up only a few grams of such material per day. 
The degree of control which the Authority will need to exercise 
over these reactors will depend upon the amount of fissionable mate- 
rial present in them and on the 
installations, the 


energy 


rate of consumption. For small 
recommended for 
For larger installations, it 
will probably be necessary to have representatives of the Authority 
present continuously to witness operations. 


same control measures atomic 


research laboratories will suffice. 


LARGE SCALE POWER GENERATION 

As already mentioned in Chapter 3, lerge power piles are on the 
borderline between safe and dangerous activities. However, for pur- 
poses of discussion, they have been put under safe activities in this 
report. Owing to the large amounts of fissionable material present 
in such piles, the Authority must exercise a much greater degree of 
control over them than over the safe activities just considered. 

The design of the reactor must be very carefully checked by the 
\uthority to insure that there will be ro significant yield of fissionable 
material in the operation of the reactor and that diversion of fission- 
able material can be prevented. For example, the design must be such 
as to make irradiation of uranium in the pile impossible except in 
places authorized by the Authority. Similarly, the design of the pile 
must be such that the removal of fissionable material from it is physi- 
cally impossible except at a limited number of easily observable points. 

Representatives of the Authority must supervise all stages of the 
construction of the reactor to ensure that the unit as built corresponds 
in all details with the approved design. 

Prior notice of the anticipated operating schedule must be given 
to the Authority for its approval, so that it can maintain a proper 
balance between production and consumption of fissionable materials. 

The Authority must maintain a group of inspectors continuously 
at the power plant to assure itself that fissionable materials are not 
removed from the pile during operation. By proper design of the pile, 
it should be possible to minimize the size of this staff and its inter- 
ference with normal operations. The principal reason for not requiring 
the full management these installations by the 
Authority is the fact that only an inspection force would be necessary 
and this force wouid not need to fulfill many of the normal operating 
functions of the management. 


and operation of 


In addition to these special control requirements, the control mea- 
sures listed under atomic energy 
large atomic power plants. 


research should be in effect for 

Implicit in this discussion of atomic power plants is the necessity 
for all associated chemical plants to be fully managed and operated by 
the Authority. The Authority would supply the fissionable material 
for the power plants in accordance with their established power levels 
and design characteristics. The partly consumed materials would be 
returned to the Authority for reworking in its chemical plants. If these 
chemical plants were operated by nations or individuals in conjunction 
with power plants, the opportunities for diversion would be intolerably 
great. : 

The necessary restrictions on the design and operation of atomic 
power plants may make them less attractive economically as a field 
for national or private development. Unfortunately, this is inherent 
in the dual character of atomic energy technology; installations large 
enough to be of importance in the generation of power necessarily 
contain and consume militarily significant amounts of fissionable ma- 
terials. The only way these installations can be safely left in national 
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or private hands is by placing serious restrictions on their design and 
operation. Indeed, it might prove necessary depending on the design 
of the pile, to have operation in the hands of the Authority 
CHAPTER 6 
DETECTION OF UNAUTHORIZED ACTIVITIES 
REQUIREMENTS OF ADEQUATE DETECTION MEASURES 
Detection will 
pendable to promote a feeling of security among all 


measures have to be sufficiently extensive and ce 
nations and con 
fidence that the Authority is capable and is worthy of the great 
responsibility placed upon it. Any system of inspection or detection 
no matter how complete, will be only as good as the individuals ope 
ating the system. The selection of individuals to man the system for 
the detection of unauthorized activities should be given careful consid 
that men of 
work, 


1m involves promoting the safe 


eration to assure integrity, imagination, and technical 


competence direct the It will be easier to attract this type of 


personnel if the f 


progr utilization « 


atomic energy as well as inspection to detect unauthorized activities 
$y thorough study and research into all phases of the atomic energy 
program, novel and dependable means of detecting certain types of 
operations can be devised. The personnel directing the detection pro 
gram should participate actively in the research and be fully informed 
of all developments in the atomic energy field. The better informed 
will be that they and the 
able to detect unauthorized activities 


The challenge of the responsibility for being the 


the directing personnel are, the more likely it 
organization they direct will be 
best informed men 
in the field should keep the organization alert and active and should 
increas 


the confidence of the nations of the world that the danger 


from undetected activities is a minimum, 


If too great emphasis were placed on the purely negative inspection 
function of the 


organization, men with and a 


thorough understanding of the principles and techniques of the atomic 


imagination, initiative 


positions 
a tendency for detection to become a matter of polit 
ing and espionage measures, and this would be certain to result in fric- 
tion. In that the detection program may be a success, it is 
necessary that friction be kept at a minimum and that there be no 
grounds for charging that the Authority is carrying out measures which 


energy program would not be so easily attracted to the key 


There would be 


order 


constitute virtual industrial espionage and which disregard the cher 


ished rights of the various nationals involved. 


INFORMATION TO BE OBTAINED FROM DETE( 
MEASURES 


INTRODUCTION 


PION 


The primary ebjective of detection is to provide the 
specialized information concerning the scientific and industrial activity 
of a country necessary to assure the Authority that no unauthorized 
activities connected with the production of atomic weapons are being 
carried out. The specific detection measures of most value in providing 
this information will depend upon the particular type of information 
required and on the means available for securing it. 

Generally speaking, 


measures 


three formal means of acquiring information 
are open to the Authority. These are: 
(1) The accumulation of information during Ui« 
mal control of authorized activities 
(2) Formal reports on specified topics submitted by 
nations to the Authority. 


Authority’s nor 
individual 


Authority whose 
primary function is to secure specific information for the Auth 
ority. 

The extent to 


(3) Direct inspection by representatives of the 


which the Authority would have to avail itself of 
these formal means for securing information would depend on the de 
gree of cooperation between the Authority and the normal scientific 
and industrial life of a country. The greater the collaboration of the 
leading scientists and engineers of a country with the members of the 
Authority’s staff, the less the need for formal reports and direct in 
spection. Under circumstances where extensive use was made of the 
facilities and services of the Authority, information gathered in- 
formally by the Authority’s representatives in the course of their 
normal contacts would provide much of the necessary assurance 
that unauthorized activities were not being undertaken. On the othe 
hand, under circumstances where extensive use was not made of the 
facilities and services of the Authority, detailed reports on a 
of types of scientific and industrial activity and 
inspection would be required to provide the 
formation 


number 
considerable direct 
Authority with the in 
needed to establish that unauthorized activities were not 


being undertaken. The five principal types of information which must 


be secured by the Authority by one means or another are briefly de 
scribed in the following paragraphs 
GJPOLOGICAL OCCURRENCE OF 1 HORIUM 

The Authority must know all the locations in the world where sig- 
nificant deposits of uranium and thorium occur and should also be 
familiar with 


URANIUM AND 


those areas in which geological 


probable occurrence of these elements 


formations indicate the 


LOCATION OF LARGE MINES AND UNDERGROUND SikUCTt 

rhe Authority should be familiar with the location of all large 
mines to assure itself that such mines are t capable of producing 
significant amounts of uranium or thorium either directly or as a 


by-product from normal operations. It 
location of all 


with the 
underground structures to make sure that 


should be familiar 


laree they 


are not being used to conceal large industrial plants which might be 


used for isotope separation or as nuclear reactors 
PRODUCERS 
Authority 


LARGE 
The 


AND CONSUMERS OF POWER 


should have sufficient familiarity with the principal 





producers and consumers of power and the amounts of power dis 
ited to individual consumers so as to be able to locat hose s 
making use of enough power to warrar esti sible 
tope separation plants 
LARGE INDUSTRIAL ESTABLISHMENTS 

One of the premises on which the success of measures for the de 
tection of unauthorized activities is based is that installations capable 


of converting uranium or thorium, in a relatively short time, int 


enough atomic bombs to be of military value must be large industrial 


Oak Ridge 
a floor area of over 5,500,000 square feet and cost about $500,000, 


uidertakings. For example, the gaseous diflusion plant at 


000. It is true that smaller plants are militarily significant and that 


new installations might well be built at lesser cost. Nevertheless, if 
with the location of all 
establishments and knew their primary function, it 


that 


} 


ithe Authority were familiar industrial 


fairly 
production of 


large 


could be 


sure no dangerous unauthorized plants for the 


fissionable materials were in existence 


Activities OF LEADING SCIENTISTS AND ENGINEERS 


\ valuable source of information for the Authority would be the 


nature of the activities of leading scientists and 
t 


ngineers throughout 


1 


there has been no single phase of the 


1e world. To date atomic energy 


program that has not required the combined elforts of large numbers 


f scientists and engineers. ‘Therefore, the Authority should be interest- 
f 


ed in the activities of unusually large groups of scientists and engineers 


assigned to any project. The activities of leading scientists and engi 
neers would furnish valuable information as to the trend of interest 
in a country. Lack of information concerning the activity of leading 
scientists and engineers would be a danger signal might call for 


investigation by the Authority. 


SUGGESTED DETECTION MEASURES 


In contrast to the limited number of specific measures discussed 
in this report for the control of authorized, declared operations 


earlier 
Authority, a greater 
ety of less definite measures would be required for the 
unauthorized operations 


and operations carried on exclusively by the vari 


detection of 


' 


This is due in part to the large number of 


ingenious ways in which concealment might be attempted, in part to 


uncertainty as to where illegal installations might be located, and in 


part to the need for adopting those inspection measures which inter 


This leads to 
nations of inspection measures that only a fe 


fere least with normal activities. so many possible combi 


examples can be given 
in this report. 


INFURMAL ASSEMBLY OF INFORMATION BY TIE AUTHORITY 


It has been pointed out that, if the Authority has extensive facili 


working intimately with the 


ties in the countries of the world and 


leading scientists and industrialists of these countries, it would acquire 


in performing its normal functions most of the information it would 
need to assure that unauthorized activities were not being undertaken 
\ number of examples of this will be given 

One of the most important constructive functions of the Authority 


would be the location and development of deposits of 


uranium and 
thorium. i 


For this positive function the Authority should engage in 


extensive prospecting, which would necessarily acquaint it not only 


with those locations where uranium and thorium do occur but with 


those geological formations in which these materials might occur. In 


carrying out this function, the Authority would have intimate contact 
with the mining profession throughout the world. This would also 











serve to acquaint it with the location of large mines and would help 
to indicate which of these mines contain significant deposits of radio- 
active minerals. 


By conducting advanced research in nuclear physics, isotope separa- 
tion, and other subjects related to atomic energy utilization, the staff of 
the Authority would be in touch with scientists of individual countries 
who are most familiar with these subjects. This would make it easier 
for the Authority to keep track of the general fields of endeavor of 
those scientists who would be most valuable to individual nations if 
they undertook unauthorized activities in these fields. 

Through the production of large amounts of power from atomic 
energy the Authority would have close contacts with the producers 
and consumers of power in the principal countries of the world. 

In licensing various safe types of activity in the atomic energy field 
and in providing fissionable materials to establishments working in 
this field, the Authority would acquire valuable information as to 
which companies and which engineers or industrialists would most 
likely be of value in carrying on unauthorized activities. 

The Authority, with its own plants and those of its licensees, would 
be familiar with the location and probable function of all large in- 
dustrial establishments. A group of intelligent men, with the respon- 
sibility of locating large plants and of knowing in a general way what 
their function is, can secure this information with a surprisingly small 
number of contacts made during the carrying on of the more con- 
structive affairs of the Authority. 

By careful analysis and cross-checking of information in each place 
during the normal course of the Authority’s work, it should be pos- 
sible to tell which regions of the world or which mines or industrial 
establishments might possibly be engaged in unauthorized activities 
and should therefore be subjected to direct inspection. 


ForMAL REPoRTS 

To supplement the informal information noted in the preceding 
section and to minimize the amount of direct inspection employed, 
the Authority should receive commitments from all participating na- 
tions to submit reports on certain technical topics of value in detecting 
unauthorized activities. These reports, taken at their word, would be 
of value in describing most of the activities of a country associated with 
the utilization of atomic energy. The reports should also be examined 
with a view to detecting deliberate omission or falsification of informa- 
tion since, if such deliberate errors are detected, a very valuable indica- 
tion of unauthorized activity will have been found. Errors and 
omissions may be found by intercomparison of reports on different 
subjects from a single country, intercomparison of reports from dif- 
ferent countries, comparison of reports with informal information 
secured during the normal activities of the Authority, and by spot 
checks through direct’ inspection. 


The Authority should request reports on the following subjects: 


(1) Mining.—The Authority should receive reports on all major 
mining operations. 


(2) Large Plants—An initial report and subsequent annual re- 
ports on the location and nature of all large plants. 
(3) Engineering Construction—Reports on the beginning of all 


new engineering construction of significant magnitude. 
(4) Power Plants—Annual reports on the location of all large 
power-generating stations. 


(5 


~~ 


Consumers of Power.—Annual reports on the location of all 
large users of heat or electric power, giving the nature and 
amount consumed. 


(6 


~~ 


Specific Equipment or Commodities—Periodic reports on the 
production, shipment, location, and use of the following specif- 
ic equipment and commodities, which are of particular value 
in the construction and operation of certain types of isotope 
separation plants and piles. 

(a) Analytical mass spectrometers. 

(b) Diffusion barriers in quantity. 

(c) Gas centrifuges. 

(d) Electromagnetic isotope-separation units. 

(e) Very pure graphite in large amounts, 

(f) Heavy water. 

(g) Beryllium or beryllium compounds. 

Direct INSPECTION IN GENERAL 


Methods of detecting making use of informal measures or formal 


. 





28 


reports are valuable preliminaries to the detection of unauthorized 
activities but, since they could seldom result in definite proof of the 
existence of such activities, they obviously must be supplemented by 
direct inspection of suspected places, mines, and plants. 

Direct inspection should not be used indiscriminately, because of 
the risk of antagonizing a nation or its citizens. The need for a particu- 
lar investigation of this type should be demonstrable, and the methods 
of inspection to be employed should be chosen with a view to min- 
imizing resentment. In the following discussion it should be remem- 
bered that, although the Authority would have the right to inspect 
certain places or facilities, it should be so organized that these rights 
could not be exercised capriciously. 

The direct inspection which the Authority may use to establish 
the existence of unauthorized activities in the atomic energy field will 
be discussed under the following headings: 

(1) Aerial surveys. 

(2) Ground surveys. 

(3) Inspection of mines and underground structures. 

(4) Inspection of industrial facilities. 

(5) Special features. 

(6) Access. 

The principal objectives of direct inspection will be noted and _ its 
utility evaluated. 
AERIAL SURVEYS 

Aerial surveys would be a rapid means for receiving general infor- 
mation concerning the location of mines, construction projects, and 
other industrial activity in large, sparsely settled areas. Their principal 
disadvantage would be the accumulation of information irrelevant to 
the Authority. Aerial surveys would be most useful in relatively 
sparsely settled areas, in which mines or industrial plants are easy to 
detect by contrast with their undeveloped surroundings. Since ground 
surveys in sparsely settled areas are tedious and difficult, it is seen that 
aerial and ground surveys complement one another. 


GROUND SURVEYS 


The principal objectives of ground surveys would be to locate 
mines and large industrial buildings, to conduct geologic surveys, to 
make physical measurements useful in locating unauthorized activity 
(such as seismic measurements to detect blasting), and to sample 
materials for radioactive elements. Ground surveys would be of 
specially great value if the Authority were allowed free access to all 
areas of a country without advance notice. If advance notice were 
required, it might be possible to stop or conceal unauthorized activities. 

Generally speaking, investigation by ground parties would pick up 
less irrelevant information than investigation by aerial surveys. A 
ground party would be almost essential in a crowded, built-up area 
in which an aerial survey cannot identify individual installations. The 
procedure frequently might be to send in a ground party to examine 
small regions deemed worthy of detailed investigation as the result of 
a broad aerial survey. 

INSPECTION OF MINES AND UNDERGROUND STRUCTURES 

Inspection would be required to determine whether mines were 
capable of producing d2ngerous amounts of uranium or thorium and 
whether underground structures concealed unauthorized facilities, 
such as piles or isotope separation plants. The most satisfactory way 
in which to deal with the location and inspection of mines and under- 
ground structures would be to have an inspection force of personnel 
familiar with the mining of uranium and thorium. These men would 
talk with prospectors and mining engineers and gather information on 
new mining developments. They would spot-check suspected structures 
and would inspect operating mines thought possibly to be producing 
uranium or thorium as a by-product. 

Very large plants to extract elements from sea water are worthy of 
inspection to establish that uranium and thorium are not being con- 
centrated in them. However, it is not likely that plants would be built 
for this purpose, since there are only a few parts per billion of these 
elements present. 


INSPECTION OF INDUSTRIAL FACILITIES 


The consumption of large amounts of steam or of electric power is 
one of the distinctive features of plants for concentrating U-235. Ac- 
cordingly, the Authority should have the right to inspect power plants 
and distribution systems for electricity, steam, oil, and gas in order to 
locate large consumers of power. This is of sufficient value for the 
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Authority to have access to such installations, preferably without prior 
notice. 

It will frequently be desirable for inspectors to enter industrial 
establishments to determine whether unauthorized activities are being 
conducted or to check information reported by the company or govern 
ment operating the plant. There are obvious difficulties inherent in 
such inspection, but it cannot be dispensed with. Without access of 
this type, proof of unauthorized activities cannot be secured. 

One fortunate circumstance regarding the inspection of buildings 
is the distinctive character of unauthorized activities in the field of 
atomic energy. Uranium and thorium in process can be readily detect 
ed by their radioactivity and chemical properties. Isotope separation 
plants make use of unique types of equipment in large amounts. Piles 
are unlike any other type of industrial structure, with their massiv 
shielding, intense internal radioactivity, and enormous rate of he 
dissipation. Inspection of buildings can therefore be reliably con 
ducted by men expert only in atomic energy operations who could 
determine whether unauthorized activities relating to atomic energy) 
were being conducted, without learning much about the character of 
legitimate operations. 


SPECIAL FEATURES 
Methods available for detecting isotope separation plants include 
checking the manufacture and shipment of special equipment us¢ 
primarily in these plants. Certain equipment is necessary to isotop: 
separation plants and of such limited usefulness to other industri 
that application of inspection measures to manufacturers. and users of 
such equipment may be worthwhile. These measures might we 
clude maintenance of a register of all such 





il in 
equipment, periodic ac 
counting for it, and inspection of shipments from manufacturers 
thought likely to be making such equipment. This sort of inspectior 
might be applied to the following types of equipment: 


i 


(1) Analytical mass spectrometers (all processes) . 

(2) Diffusion barrier (gaseous diffusion process) . 

(3) Gas centrifuges with high peripheral spe 
process) . 


ds (gas centrifuge 


(4) Electromagnetic separation units (electromagnetic process 
A characteristic of piles is the use of moderator materials to slow 
down the neutrons. Such materials are very 


pure graphite, heavy 
water, and beryllium. 


Appropriate inspection 
instituted in regard to the production, storage, and 
materials. 


measures should be 


shipment of thes 


A characteristic of large piles is the extensive cooling facilities re 
quired. This is of great importance for detection. The only practica! 
methods of removing such large quantities of heat are discharge t 
natural bodies of water or to the atmosphere. Air cooling, beit 
relatively ineflicient, implies extremely large installations and probabl; 
becomes impracticable for any but a small scale plant. Water is practi 
cally essential in the cooling of such piles. This implies that these 
piles must be constructed near a sizeable natural water supply, ice., a 
lake or river. Accordingly, engineering construction in such ar 
should be investigated. 

ACCESS 

it is obvious that all these inspection measures require various d 
grees of access to a country. Without access, direct inspection cannot 
be performed successfully. Inspectors must be permitted to travel with 
out restraint and to carry out investigations without undue interfe: 
ence. Care must be taken to inspect only so far as necessary to confirm 
or disprove suspicions. In some cases inspection of receiving and ship 
ping rooms and platforms might be sufficient. In other cases a thor 
ough inspection, including taking samples from processes, might be 
necessary. In all cases the right of nationals and industries should be 
observed to the greatest possible extent consistent with fulfillment of 
the functions of the Authority. 


CHAPTER 7 
DEGREE OF SECURITY AFFORDED 


The degree of security against the use of atomic weapons afforded 
by the control system described in this report is dependent upon the 
extent to which the following very important conditions are fulfilled. 

(1) The Atomic Development Authority should be staffed with 

imaginative, technically competent men of the highest integ 
rity. Men of this caliber should be afforded adequate incentives 
to join the organization, such as opportunity to practice their 


chosen professions and professional recognition of their work 
with the Authority. It will be of the 
he staff of the Authority be a 
cally competent as any national group 


utmost importance that 


clever, resourceful, and techni 


(2) The Authority's purpose of promoting the safe utilization of 


atomic energy should be an essentially positive one, to which 


the function of preventing unauthorized activities would be 
subordinate. If negative activities were dominant, it would be 
impossible to attract technically able men to the Authority 
and to secure that degree of national cooperation required for 
successful functioning of the atomic energy plan. 


(3 


~~ 


The Authority should participate actively in research, develop- 
ment, and production to the end that it will be better informed 
than any national group concerning the activities it must con- 
trol and detect. 


(4) The Authority should be empowered, and should have suffi 
cient flexibility, to change its procedures, privileges, and scale 
of activities as the use of atomic energy increases and the tech- 


nology associated with it changes. 


(5) In the pursuit of its detection activities, the Authority must 
have access under reasonable conditions to all 
tions as described in Chapter 6 

6) The Authority should be set up promptly and agreement con- 

rning its permissible control methods should be 
soon as possible. 


areas in all na- 


reached as 


All of these conditions imply a very considerable degree of inter- 
national cooperation and a real willingness to make the Atomic 
Development Authority work. Even if these conditions are fulfilled, 


the technological control measures described i 


n this report provide 
security only in the following respects 
(1) Providing deterrents, in so far as technical measures can do so 


to the use of atomic energy for destructive purposes. 





Prevention of surprise use of atomic we 


apons in quantity by 
providing unambiguous 


produce them. 


evidence of the intent of a nation to 


(3) Delay in the production of a militarily useful number of 
atomic weapons after evidence of intent to produce them has 
been given. 


described in this report will be evaluated on the a 
six favorable conditions just enumerated will be fulfilled 


ce 


The degree of security in these respects afforded by the itrol system 


ssumption that the 


The measures purposed in Chapters 4 and 5 for the control of 
authorized activities would provide a degree of securi igainst surprise 


atomic warfare. They would assuredly prevent large scale diversion of 


fissionable materials to atomic weapons for a number of years, pro- 
vided that the scale of authorized operations s low enough so that 
a small percentage diversion did not represent a serious military haz- 
ard. However, the longer authorized activities are conducted, the less 


security would be afforded by the control system because of the pos- 


sibility that small amounts of material accumulated over a lot 


g period 


of time might build up to a real military advantage. If only authorized 


facilities were in existence, it is estimated that from three months to 
one year would have to elapse after seizure of such facilities before a 
nation intent on making atomic weapons could produce a militarily 
significant number. 


Successful detection of unauthorized activities is subject to much 
greater uncertainty than control of authorized ones. Nevertheless, ex- 
cept for the small but finite chance of failure inherent in any form of 
inspection, it is thought that the interlocking and overlapping nature 
of the technical inspection measures outlined in Chapter 6 would 
provide reasonable security inst surprise atomic 
the six conditions given above are fulfilled. This will be true as long 
as production of militarily significant amounts of fissionable 
remains an industrial enterprise of great m 


warfare, 





prov ided 


material 
agnitude. If methods for 
producing fissionable material are radically simplified, the chances of 
evading the inspection measures suggested in this report would 


t be 
greatly increased. The Authority therefore must keep in the forefront 
of technical developments in the field of atomic energy and must have 
the power and the competence to adapt its controls to changing con- 


ditions. 





29 








Atomic Energy and U. S. Patent Policy 
Part 2: Patent Provisions of the Atomic Energy Act . . . Casper W. Ooms 


In the Congressional debates preced- 
ing enactment of the Atomic Energy Act 
of 1946 the patent provisions were the 
subject of more controversy and argu- 
ment than any other portion of the legis- 
lation. A great deal of the discussion dis- 
closed a lack of study of the legislation 
and a complete failure to appreciate the 
fundamental effect of the basic provisions 
of the statute. To understand the patent 
provisions of the Act it is necessary to 
review some of the powers entrusted to 
the Atomic Energy Commission. 

The Atomic Energy Act declares it un- 
lawful for any person to manufacture, 
produce, or refine fissionable material, or 
to own any facilities for that purpose. 
[Sec. 4 (a) and (b)]. The Act makes the 
Commission owner of all facilities for 
that purpose. [Sec. 4 (c) (1)]. 

The Act further makes all fissionable 
material, whenever produced, and all 
rights therein, the property of the Com- 
mission. [Sec. 5 (a) (2); Sec. 9 (a) (1)]. 

Finally, the Act declares it unlawful 
for any person to manufacture, deal in, 
or avgeire any device utilizing fissionable 
material or atomic energy as a military 
weapon, except upon authorization of the 
Commission, and the Commission is ex- 
clusively authorized to operate in the 
field of atomic military weapons under 
such directions as the President may from 
time to time give the Commission and the 
armed forces. [Sec. 6]. 

The implications of the grant of these 
extensive powers to the Commission and 
their prohibition to the community at 
large readily manifest a departure from 
the general principles of property owner- 
ship and freedom of conduct found almost 
without parallel in our history. Congress 
was convinced of the need of this ex- 
ceptional treatment in an extended de- 
bate in which it considered the extra- 
ordinary problem with which it had to 
deal, the need for responsible adminis- 
tration of the entire field of atomic ener- 
gy, the necessity for the greatest possible 
secrecy of operations in the field until 
international control had been effected, 
and the indispensabjlity of assurance that 
a weapon of the poteritialities of atomic 
energy would remain under government 
control. 

Congress thus removed from private 
ownership and control the entire field of 
production of fissionable materials and the 
entire field of their utilization in military 
weapons. In addition, by provisions dis- 
cussed below, the Commission was given 
a licensing power over the utilization of 
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fissionable materials. [Sec. 7]. The patent 
provisions of the Act are designed to 
meet the problems which these innova- 
tions in the control of atomic energy 
raised. 

The Atomic Energy Act revokes any 
patent which may have been granted and 
forbids further issuance of patents for 
inventions “useful solely jn the produc- 
tion of fissionable material or in the utili- 
zation of fissionable material or atomic 
energy for a military weapon,” [Sec. 11- 
(a) (1)] and revokes any rights and pro- 
hibits future acquisition of rights under 
patents to the extent that the inventions 
covered by such patents are used “ in 
the production of fissionable material or 
in the utilization of fissionable material 
or atomic energy for a military weapon.” 
[Sec. 11 (a) (2)]. 

These provisions are directed to patents 
in the two fields entrusted exclusively to 
the Commssion, the fields of (1) produc- 
tion of fissionable materials, and (2) their 
utilization in military weapons. Inasmuch 
as those fields of activity are entirely 
proscribed to the community at large, 
there remained little room for normal 
operation of the principles of the patent 
system. The patent, we have seen, makes 
no attempt to license the use of the inven- 
tion covered by it; on the contrary, the 
only effect of the patent is to confer on 
the patentee the power to exclude others 
from the practice of the patented inven- 
tion. Thus, the granting of patents upon 
processes, machines, or even the mate- 
rials previously required for the produc- 
tion of fissionable materials, a field from 
which the’ patentee himself is even ex- 
cluded by the Act, would be a nullity. Pre- 
sumably the only actor upon whom the 
exclusionary power of the patent could 
be exercised would be the commission, 
to whom is exclusively entrusted the field 
in which the invention of the patent is 
operative. Obviously the grant of such 
patents would constitute a futile, if not 
embarrassing, procedure. 

In the field of military weapons utiliz- 
ing fissionable materials the same con- 
siderations apply, and in addition, the 
very important additional consideration 
that the efficacy of military weapons is 
frequently dependent upon the mainten- 
ance of secrecy with respect to their manu- 
facture and characteristics. The need for 
secrecy dictates the utter unsuitability 
of the patent in the field of military weap- 
ons. It may seriously be questioned wheth- 
er the patent lends itself in any way to 
the business of manufacturing devices 
that have no other use than as military 
weapons, as the patent is designed to 
effect disclosure, a purpose in complete 


contradiction to the secrecy demanded 
with respect to weapons of war. Congress 
has in fact made special provision for 
the prolongation of prosecution of patents 
upon inventions “important to the ar- 
mament or defense of the United States”! 
and has empowered the Commission of 
Patents to order secrecy with respect to 
and to withhold the grant of patents 
upon inventions where the _ disclosure 
thereof might be “detrimental to the pub- 
lic safety or defense.’’” 

To the extent that the Atomic Energy 
Act revokes patent rights already con- 
ferred, the statute provides for the pay- 
ment of “just compensation”. [Seec. 11 
(a) (1) and (2)]. To the extent that it 
forbids future patents it provides that 
an application may be made to the Com- 
mission for an award, which the Commis- 
sion is empowered to grant. [Sec. 11 (e) 
(2) (C) and (3) (C)]. 

To insure the enforcement of the pro- 
visions with respect to inventions in the 
production of fissionable materials and 
their utilization in military weapons, the 
Act requires the inventor to report the 
invention to the Commission within sixty 
days after completing the invention, the 
date of enactment of the Atomic Energy 
Act, or first learning that the invention 
is useful in either of the 
fields. [Sec. 11 (a) (38)]. 


proscribed 


The Act further revokes any rights con- 
ferred by any issued patent and prohibits 
the acquisition of rights in patents here- 
after granted to exclude the use of the 
inventions covered by such patents “in 
the conduct of research or development 
activities in the fields specified in See- 
tion 3” [Sec. 11 (b)]. Section 3 specifies 
the research and development fields in 
which the Commission is directed to en- 
courage investigative work in the broad- 
est possible terms, including nuclear proc- 
esses; atomic energy; utilization of fission- 
able and radioactive materials for med- 
ical, biological, health, or military pur- 
poses; industrial uses; and the protec- 
tion of health during research and produc- 
tion. 


The extent of this provision of the sta- 
tute is not clear. Conceivably it could be 
urged that all equipment used in the speci- 
fied research is free of patent control. 
If so, the researcher could proceed to 
manufacture all of the apparatus and 
equipment needed for his work, although 
that would hardly appear feasible, with- 
out any regard to the patents upon. such 
equipment. If that is the interpretation 


to be accorded this provision it is the 
most sweeping of the patent provisions 
in the Act, as it would free from patent 
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control every type of device and machine 
known, from such simple things as elec 
tric motors to the most specialized type 
of electronic detectors. Another available 
interpretation is that 
of the equipment in the problem of re- 
search or development upon it is free of 
patent control, and that the manufacture 
and sale of the equipment still falls with 
in the power of the patentee 


only the specific use 


to exclude. 


What the Act has apparently attempted 


is the express enactment of a vaguely 


recognized principle of patent law, that 
“an experiment with article 
for the 


philosophical taste, or 


a patented 
purpose of gratify 





sole 
curiosity, or fo1 
mere amusement, is not an infringement 
of the right of 
in the first part of this paper. What 
statute has attempted is a positive pro 
tection of the in the field of 
fissionable materials against interferenc 
with or prohibition of his work by th« 
assertion of patent rights. 


the patentee’® discuss 


researcher 


Another patent the 
is that which empowers, and 
the duty of, the Commission “to declar 
any patent to be affected with the publi 
interest if (A) the 
covery covered by the patent utilizes or i 
essential in utilization of 


provision in 


makes i 


invention or dis 


fissionabl 
(B) the 


discovery 


the 


material or atomic energy; and 


licensing of such 
under this 
effectuate the policies purposes ol 
this Act.” [Sec. 11 (c) (1)]. The Act then 
proceeds to 
use 


invention or 
subsection is necessary to 


and 


license the Commission to 


such inventions in performing its 


functions, and to license the use of such 
inventions to any person licensed by the 
Section 7 of the Act 
that such invention is used 
the activities authoriz 

by his license, subject in both cases to the 
payment of I 
patent owner. 


Commission under 
to the extent 
in carrying on 
royalties to 
[Sec. 11 (c) (2)]. 


reasonable 


In order to render these licensing pro- 
visions Act proceeds with 
an express prohibition against the issu- 
ance of any 


effective the 


injunction under the patent 
so licensed. [Sec. 11 (c) (8)]. 


These provisions were biiterly contes- 
ted in the debates in the House of Repre- 
sentatives. They were recognized as a form 
of compulsory licensing of 


ventions, an 


patented in- 


issue which is constantly 


under debate. The limitations by which 
the licensing was surrounded, although 
extremely broad, were almost entirely 


overlooked. These may now be examined. 


In the first place it is necessary that 
the patented invention to these 
provisions of law apply be one that utili- 
zes or is essential in the 
fissionable materials or atomic 
next it is that licensing i 
necessary to effectuate the policies and 
purposes of the Atomic Energy Act. The 


which 


utilization of 
energy; 
necessary 


“policies and purposes” of the Act 1 
cited in Sections 1 (a) and (b), general] 
express the intention that “the develop 
ment and utilization of atomic energ 


shall, so far as practicable, be 


toward improving th¢ 


directed 
public welfare, iu 
creasing the standard of living, strength- 


ening free competition in private enter- 


prise, and promoting world peace”, and 
the purpose to provide for major pro 
grams relating to atomic energy, to assist 


and foster private research and develop- 


nent and to encourage Maximum scien 


tific progress, dissemination of technical 


information, to insure the broadest ex 
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ploitation of the 
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these two observed may 
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public interest. 
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effect, enabling the United to en 
ploy or have any manufacturer emplo) 
for it any patented invention withou: li 
cense from the patent owner*. That Act 
provided that the ue 
in the Court of 


owner could 


patent 
Claims for reasonabk 
compensation for the use of the patented 
invention, and denied even that relief to 
employees of the U State In 194 

the law was further modified to provid 
further that the United States could ord 

suspension of the 
der patents where 
ment department 


nited 


licenses un- 
the head of a Govern- 
the royalties 
prescribed in the license to be unreason- 
able, and to fix fair and just royalties in 


terms of 


believed 


the place of those agreed upon by the 
patent owner and the licensee.5 

The principle that the public inter 
may warrant modification of the com- 


plete power of the patent owner to select 


his licensees and fix the terms of h 
licenses had more recent recognition in 
the first report of the National Patent 


Planning Commission: 
If it be conceded that operations under 
licenses from the Atomic Energy Com- 


mission i 1dera 
tior of the alional det r publi 
health or public ifety, and the specified 
patent involved necessary to the li 
censed operati: the compulsory licens- 
ing provided for by the Atomic Energy 
Act would appear to fall within the prin- 
ciple announced by the National Patent 
Planning Commission®. 

The Act provides for the payment of 
reasonable royalti or the use of patents 
licensed under this pr ion, in first 
nstance by a Patent Compensation Board 
onducted by the Commission, and for 
review of this determination by the Court 


1 Appeals for the District of Columbia. 
Similar provisions are made to determine 
and review the just compensation to be 


paid under the Act for patent rights re- 


voked by the statute the render- 


ing of an award to those who disclose to 


», and for 


the Commission inventions in the pro- 
duction of fissionable materials or their 
utilization in military weapons, although 


the details of the 
(e) and 13 (a)] 


remedy vary. [Sec. 11 


One final provision 
(d)] 


paragraph, the ( 


f the Act [Sec. 11 
requires consideration. Under this 
ymmission is authorized 
© purchase or condemn with just compen- 


sation any invention eful in the pro- 
duction of fissionable material or in its 
utilization for military weapons, or which 


utilizes o to the 


is essential utilization of 
fissionable material or atomic energy, or 
any patent ot 


patent application covering 


such an invention. Trovision is made for 
the determination of th 
Patent ( 
of the 
of Claims or 
Court. 


compensation by 
the mpensation Board, and re- 
the Court 


States District 


view letermination by 


the United 
In brief review, the Act provides an 
elaborate but flexible procedure designed 
to prevent 
the 


the acquisition of patents in 


fields in which the Atomic Energy 
Commission is given an absolute govern- 
mental monopoly, the fields of production 
and military utilization of fissionable 


material, and to prevent the 
patent rights 
in the field of 
Coimmission-licensed 
utilization of fiss 
Act also 


assertion of 
against research activities 
or against 
operations in the 
The 
Commission to 
those fields, 
and requires the payment of compensation 


avomic energy 
ionable materials, 
empowers the 


purchase patent rights in 


for all rights purchased by the Commis- 


sion or revoked by the statute. 
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EDITORIAL—continued from page 1 
might be useful in war technology. Every scientific result is 
potentially important in future total war. There is no such 
thing as “science for peace” and “science for war,” but every 
forward step in science increases the potentialities of mankind 
in both war and peace. 

The fundamental dilemma which the Atomic Energy Com- 
mission must face is whether to continue the opportunistic policy 
of releasing—more or less reluctantly—the scientific informa- 
tion which at the moment appears to be more or less “innocuous,” 
and to keep secret the scientific facts which our past experience 
has indicated to be particularly relevant to war—technological 
problems. Should we not make the bold decision of actually 
following the principle laid down in the Truman-Attlee-King 
declaration—that of keeping secret only the technical know-how, 
the kind of things which were to be found, in peacetime, in 
patent applications rather than in scientific journals? Would 
not such a decision, taken on a unilateral basis and without 
expectation of reciprocity, gain more by assuring our continued 
scentific leadership, than harm us by saving others the trouble 
of finding out certain facts of nature by their own experiments? 
Only then could we hope to obtain, on this basis, the co-operation 
of scientists in many other countries, a co-operation which 
under the conditions of a free flow of scientific information will 
be as available to us as our own scientific production. E. R. 
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